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PREFACE. 



In the following compilation the chief reactions of the more impor- 
tant basic and acid radicals are so correlated and contrasted^ as to 
exhibit in a brief and conyenient manner the principles upon which 
various methods of analysis are founded ; and a frequent error is 
avoided — ^that of combining the Practical Manual for the Laboratoiy 
with the Descriptive Treatise on Elementary Chemistry. 

The reactions are tabulated in the First and Second Parts. 
The various methods which constitute the^ systematic course of Ana- 
lysis are detailed and arranged^ wx& ' special reference to the conve- 
nience of the working student, in the Third and Fourth Parts. 

This work is designed to serve as a Manual for the beginner, 

and as a Text-book for examination; its original character consists 

in the arrangement of information which may be found in existing 
Manuals of Chemical Analysis* 

In an Introduction will be found details as to the mode in 
which the work should be used, based upon the experience gained in 
teaching, by this method, the Elements of Analysis. 



W. H. S. 



Jtmuary^ 1866. 
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INTRODUCTION. 



CoNCERNiNa every material substance there are three things which it is the 
province of Chemical Science, theoretical or practical, to ascertain : — 

First — ^The qtudity of its constituents. Simply what they are. In the compound, 
chloride of potassium (KCl), the basic radical Potassium and the acid 
radical Chlorine are associated as the ultimate elements of which the 
body is composed. The appropriate application of certain tests detects 
the quality of the constituents of any compound. 

Second — ^The quantity of its constituents. The relation of their proportion. 
In the foregoing example, the quantity of Potassium in grains, or in 
terms of any standard we may select, combined with a certain quantity 
of Chlorine, calculated in terms of the same standard. The applica- 
tion of the balance reveals the quantity of the constituents of any 
compound* 

Third—The order of arrangement of its constituents. This is a matter of far 
greater difficulty than to determine the quality or quantity of the 
bodies which make up any given substance. It involves questions 
indicated by such terms as 'formula,' 'atomic weight,* &c., and other 
considerations of a purely theoretical character. 

Analytical Chemistry deals with the first and second of the above aspects of 
bodies, but at the same time, in making manifest the conclusions deduced from 
observation and experience, avails itself of the third question, and introduces theo- 
retical matters in making known its results. 

The whole scheme of operations by which is ascertained the quality of the consti- 
tuents of any substance, and subordinately the properties of any particular body 
which serve to distinguish it from other bodies, is termed Qualitative Analyeis. 

Proportion and quantity, in reference to any combination, is the subject of another 
branch of analytical operations, viz. Quantitative Analysis. 
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To identify a body, is, in chemical language, to test it ; that is, to apply such 
agents in a particular manner, as shall most easily and appropriately bring into view 
certain characteristic properties or some special property of that body. This is the 
end of ordinary Qualitative Analysis as usually practised by the student, and is 
attained with comparatively little difficulty. 

To separate the various constituents of any body or mixture of substances, is liable 
to be a more serious matter, and forms as it were the link between mere identification 
and the quantitative estimation of substances when mixed or chemically combined. 

In the present work we are chiefly concerned to ascertain whxit properties, singly 
or collectively, exhibited by those bodies, more often met with by the analyst, when 
brought in presence of certain other bodies, may be taken as a means of identifying 
or separating them. 

The deportment of chemical substances, under certain conditions and when 
brought in contact with other particular chemical substances — ^the behaviour of bodies 
with reagents — in other words, ' reactions,' form an extensive and complicated basis 
upon which the several modes of analysis are founded. It is clear that these 
reactions must be fully comprehended and remembered before such details can be 
applied to any method of analysis. To facilitate the application of reagents to the 
detection and separation of the numerous bodies with which the analyst is called 
upon to deal, and to aid the memory in remembering the action of such reagents, 
a certain conventional classification is adopted. In the first place, bodies are divided 
into Basic and Acid radicals, simple or compound. Potassium is a simple basic 
radical and Ammonium a compound one. Similarly Chlorine represents a simple^ 
and Cyanogen (CN) a compound, acid radical Each of these primary classes is 
again subdivided into Groups, having reference to the behaviour of each member 
of any particular group with some especially selected reagent, hence called the 
Group-test : thus Silver, Lead, and Mercury in the form of its mercurous salts, all 
form with hydrochloric acid, insoluble chlorides. The chlorides of almost all 
other basic radicals are soluble. Hence we obtain a ready method of separating 
any or all of the metals of Group I. &om solutions which may contain other metals. 
It is true that under particular conditions, the application of reagents with a view 
to separate groups, is not so simple as this mode of representing it may appear ; 
but the exceptional difficulties which arise constitute so many precautions which 
have to be exercised by the careful analyst. And here again, an intimate know- 
ledge of reactions is absolutely necessary to a successful prosecution of any analy- 
tical scheme. By taking advantage of certain characters pertaining only to a 
limited number of members in some of the larger groups, these become again 
subdivided into smaller assemblages; in this way Group II. (Basic radicals) is split 
up into two sections, depending on the solubility of the sulphides of Section L, 
and the insolubility of those of Section il. in sulphide of ammonium. By the 
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application of less general tests, a still further process of division and isolation is 
effected: thus^ it will be observed that chloride of sUver is insoluble in water, 
m^rcorous chloride is also insoluble, whilst chloride of lead dissolves in boiling 
water. This series of facts enables the separation of Lead to be readily effected 
from the precipitate thrown down by the group>test. The reactions again of 
argentic and mercurous chloride with hydrate of ammonium furnish a method 
of separating Silver from Mercury. Thus the exhaustive process is carried to its 
extreme limits and several basic radicals previously contained in the same solution, 
it may be forming different salts, and in this state undistinguishable from one 
another, are isolated and obtained in a condition to be recognised by means of a 
final confirmatory test The selection of this most special test is to a great extent 
a matter of choice on the part of the operator, provided only that it is conclusive 
as to the presence or absence of the particular radical whose recognition or otherwise 
he has in view. A careful comparison of the several steps in the appended "Me- 
thod of Analysis for Group I. of the Basic radicals," with the reactions to which 
they refer, will not only fuUy illustrate the mode in which reactions are applied 
in actual analysis, but indicate the value of the method of arrangement adopted 
in this work. 

In attempting to apply a similar set of processes to the detection and separation 
of the add radicals greater difficulty will be experienced. From the peculiar 
nature of their reactions, it ia almost impossible to obtain a sufficient number of 
characters, graduating from the general to the special, to enable the analyst to 
proceed in a manner so regularly exhaustive : greater dependence must therefore 
be placed upon the repeated application of more special tests, and especially upon 
the results obtained on submitting the substance to be analysed, to certain processes 
of decomposition, e.g. the decompositions effected by sulphuric acid. 

So far it has been assumed that the substance with which the analyst is con- 
cerned, is in the liquid form. But this is by no means usually the case — generally 
the operator at the outset of his investigations has to do with matter in the solid 
condition, and the process of solution is effected only after certain results have been 
obtained by a series of experiments, or reactions, performed in "the dry way." 
The first set of tables refer to the behaviour of basic radicals with reagents in 
the dry way. The information elicited on exposing a solid body to a high tempera- 
ture, either alone, or in presence of other bodies generally also in the solid form, 
is not so definite or reliable as that obtained on treating the body when in solution, 
in what is technically known as "the wet way." Nevertheless, the performance of 
the blowpipe experiments should never be omitted, since much valuable light is 
frequently thrown upon the subsequent method of analysis by the results of this 
"preliminary examination.'' The student should, however, never allow any in- 
formation so frirmshed to induce him to alter or abbreviate the systematic course 

♦ 1 
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of analysis in the wet way. Considerable experience and skill on the part of 
the operator can alone render such attempts successfuL The whole coune of 
systematic qnalitative analysis, as thus marked out, may be divided into three parts. 

I. Preliminary Examination (the application of reagents in the dry way). 

II. Solution (the process of converting a solid body into the liquid form). 

III. Analysis in the wet way (the application of reagents in solution). 

The subordinate operations included in each of these primary divisions are 
susceptible of a considerable amoimt of variation, all, however, conducing to the 
same end. It will be clear that an orderly and systematic course must be followed 
in any method of analysis, to whatever extent the details of systems may differ. 
This work, in its arrangement, seeks to induce a methodical acquaintance with 
the details of Analysis. A few words as to the manner in which the work should 
be studied. 

A knowledge of ike reactions, botii of hasie and acid radicals (as detailed in 
Parts L and II.), is essential, before proceeding to the course of actual analysis. 

The radicals are classed in groups, and the reactions of each group are ar* 
ranged to form a separate table. 

As the value of each table, in relation to the analytical course, depends on 
the manner in which it is used, it will be advisable to explain the construction 
of the tables for some one group, selected as an example, e.g. the tables for 
Group IV. pp. 17 and 34. 

Under the name of each radical (Manganese, &c.) is placed the name of the 
salt recommended to be employed in the experiments (sulphate of manganese, &c.). 

Table on page 17. Heat sulphate of manganese alone, in the outer blowpipe* 
flame; moisten the residue so obtained with nitrate of cobalt^ and heat again. 
Perform the same experiment with sulphate of zinc, and so on with each salt 
in succession. Next heat each salt separately in the same order, alone, in the 
inner flame. Then proceed to fiise each salt in the same order with borax on 
platinum wire, and so on through the experiments. 

Table on page 34. Add sulphide of ammonium to sulphate of manganese; 
try the solubility or insolubility of the resulting flesh-coloured sulphide of man- 
ganese (Mn^) in acids, as mentioned Next add sulphide of ammonium to 
sulphate of zinc, and so on for each radical Then proceed to the second series 
of experiments with hydrate of potassium and sulphate of manganese, sulphate of 
zinc^ &c in succession. 

Thus, the order of the experiments and the reagents to be employed, are 
indicated in the extreme left-hand vertical colmnns; the similarity or differences 
in the reactions of the various radicals with the same reagent^ are exhibited in 
the horizontal columns; the reactions of any particular radical with the selected 
reagents, are contained in the vertical column under that radical 
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Each group should be taken in the order in which it occurs, and completed 
before proceeding to the next. In the case of any group, the experiments re- 
lating to reactions in the dry way are to be performed firsl, then those relating 
to reactions with soUUians^ for the same group. 

The notes relating to any particular reaction should be carefully studied be/ore 
performing the experiments. It is intended that the student should himself supply 
the formulae required to complete the equations, the latter being completed only in 
particular instances. 

It will be evident that many of the reactions detailed in the First and Second Parts 
of this work have little or no reference to the methods by which the radicals 
themselves are sought for in actual analysis. But each reaction will afford, under 
appropriate circumstances, a mode of recognising the radical to which it refers, and the 
careful performance of each experiment will do more to impress upon the learner the 
characteristics of the numerous salts thus brought under his observation, than any 
amount of book-reading. 

Having mastered the reactions in the tables (both in the dry way and in solution) 
for any one group, the student should then construct for himsdf a method for the 
detection of one, or separation of two or more of its memhers, by the wet way, and 
apply such a plan to the actual analysis of a salt containing one member of the 
group, previously making a preliminary examination based upon the reactions in 
the dry way. The analysis of a series of salts should then be undertaken, each salt 
containing a different member of the group, until certainty and facility are obtained 
in the determination of any of its members. 

The next group may then be taken and a similar plan adopted, and so on for each 
group. 

The Tables of reactions for acid radicals should be ^udied in a similar manner. 

The next step is to determine both the basic and acid constituent in the same 
single salt (ibis however may be omitted at discretion), and, finally, the course of 
analysis, made as complicated as the student's powers will allow, may be undertaken 
according to the methods detailed in Parts IIL and lY. 

Whenever the analyna of any iiibetanoe ia commenoed, with a yiew to determine the baido or the aeid 
conatituen^ or both* ereiy atep ehonld be oarefally written ont^ as it is taken. It will be found oonve- 
nient to record these notes in three parallel columnB ; the experiment peif onned, in the first, the result of the 
experiment, in the second, and the inlsrenoe as to the presence or absence of any bodies, in the third. Thus : 



XXPXBIVKIT. 

Hydrochloric acid, in an acid 

solution. 

filter. 
Precipitatej waahfld with isold 

water. 
And boiled with waAai;* 
Stflphuinc acid, added to solution 

in water. 



Result, 
White preoipHat*. 

Precipitate entirely dissolyes. 



Intsbenob. 

Presence of Silver, Lead, or Mer- 
cury. 

Presence of Lead. 
Confirms pretence of Lead. 



I White precipitate. 

The plan of xeoording notes of analysis wiU, however, require modification according to circumstances. 
At an examination, the above plan will be found to possess advantages. (See also next page). 
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INTRODUCTION. 



METHOD OF ANALYSIS FOR GROUP L 

The analysis of the members of this group is commenced by converting them into 
chlorides. The reactions of their chlorides with water and hydrate of ammonium 
(Or. I. coL I.)* afford the necessary conditions for detection or separation. 

Group-test = Hydrochloric Acid (Gr. L col L) 

The solution to be examined is either acid or neutral 

(A few drops of the acid will in this case be sufficient to determine the presence or 
absence of members of this group.) 

Hydrochloric acid fails to precipitate Lead from dUuie solutions (Gr. L col L 
note a) ; hence the non-formation of a ppt upon adding hydrochloric add does not 
prove the absence of this metal If present it will be detected in the analysis of the 
following group. (Gr. L col il) 

Hydrochloric acid precipitates along with members of this group, Oxychlarides of 
Antimony cmd Bismuth, from their solutions; these re-dissolve in an excess of the 
precipitant (Gr. II sect. L col m. Gr. 11. sect IL col lU.) 



Analysis of Precipitate pboduced by Hybboghlobic Acid, in an Acid ob 

Neuibal Solution. 



Filter. 

» 

Wash the ppt. with cold water ind 
add the washings to the filtrate. 

Treat the ppt. with boiling water 
(Gr. I. ool I.). 

Filter. 

Treat the ppt. with hydrate of 
ammonium {Gr. I. ooL x.). 

FUter. 



Black residue (Gr. L od. I.). 



Filfcrate may contain 
other groups. 



of 



Turbidity on adding the washings. 



Filtrate may contain Lead. 



Filtrate may contain SUyer. 
Indicates presence of Bfercniy. 



Set aside for further examination. 



ny or Bismuth 
(Gr. II. Sect i. and n. ooL m.). 

Add sulphuric add. 
white ppt.s At/plole of lead (Or. 
I. ooL til). 

Add nitric add (Gr. L ooL L). 
white ppt. s JVitrale of 8U 



Dry the residue. 
Mix with caiboBale of sodhmi. 
Heat in a bulb-inbe (p. ii, Gr. I. 
coL n.). 
Giey sublimatesdifeta/^ifefviify. 



* The columns referred to are in all eases the horitonUd columns. 



INTRODUCTION. 



Precipitate produced bt Htdrochlobig Acid in an Alkaline Solution. 



The formation of this precipitate depends on the fact that certain salts, not only 
of this group, dissolve in aikaiis or aUcaline salts, which do not dissolve in water 
or hydrochloric acid. On adding hydrochloric add, the alkali or alkaline salt is 
decomposed, and the salt held in solution separates. 

Thus chloride of silver dissolves in hydrate of ammonium (Gr. I. coL L) ; 

Aga + NH^O + Ha = AgCl + NH,a + H,0 

solution ppt solution. 

Tersulphide of antimony dissolves in sulphide of ammonium (Or. U. sec. L coL L) ; 

Sb,S. + (NH,)^ + 2Ha =: SbA -t- 2NH,a + H^ 
solution ppt solution escapes as gaa 

In a similar manner if an alkaline carbonate or cyanide is the cause of solution, on 
adding hydrochloric acid> decomposition ensues, with evolution of carbonic anhydride 
or hydrocyanic acid gas. 

Further details as to the contingencies which might arise from the addition of 
hydrochloric acid to an alkaline solution, are omitted here, since from their com- 
plexity they would be liable to lead to confusion, and are not of any practical value to 
the beginner. 
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IFTEODTJCTION. 



TABLE OF ATOMIC WEIGHTS 



Bask elements — 
Potassium 
Sodium 
Lithium 
Sarium 
Strontium 
Calcium 
Magnesium 
Aluminium 
Chromium 
Iron 

Odbalt 

Nickel 

Zinc 

Cadmium 

Copper 

Silver 

Mercury 

Lead 

Bismuth 

Tin 

Antimony 

Flatinimi 

Gold 

Hydrogen 



EM 


PLOYBD IN 


TEE TOKmTLJE. 

Add elements— 


■ 


r 


K. 


39- 


Chlorine 


a 


35-5 


Na. 


23- 


Bromine 


Br. 


80- 


Li. 


7- 


Iodine 


I. 


126- 


Ba. 


68-5 


Fluorine 


FL 


19- 


Sr. 


44- 


Oxyg&n, 


0. 


16- (doubled) 


Ca. 


so- 


Sulphur 


s. 


82- (doubled) 


Mg. 


la- 


Corion 


c. 


12- (doubled) 


AL 


137 


Boron 


Bo. 


11- 


Or. 


26- 


{Silicon 


Si. 


22-. 

• 


Fe. 


28- 


Nitrogen 


N. 


14- 


Mn. 


27-5 


Phosphorus 


P. 


81 


Oo. 


90- 


Arsenic 


As. 


76- 


m 


29- 








Zn. 


32-6 






/ 


Cd. 


56- 




^ 




Cn. 


82- 








Ag. 


108- 






- 


Hg. 


100- 






» . 


Pb. 


103-6 








Bi. 


208- 








Sn. 


58- 








Sb. 


120-3 








Pt 


98-7 






• 


Au. 


197- 








H. 


1- 
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CLASSIFICATION OF THE BASIC BADICALS. 

Group I. 

Basic radicals, which are precipitated from their solutions as Chlorides, by 

Hydrochloric Add. 

Silver. 

Lead. 

Mercury (mercurous salts). 

Group II. 

Basic radicals, which are precipitated from their acidified solutions as Sulphides, 

by Hydrosviphvric Add. 



Section I. 

Sulphides, soluble in Sulphide of 
A7n/mon%vm. 

Tin. 

Antimony. 

Arsenic. 

Platinum. 

Gold. 



Section IL 

Sulphides, insoluble in Sulphide of 
Ammonium* 

Mercury (mercuric salts). 

Bismuth. 

Cadmium. 

Copper. 



Group IIL 

Basic radicals, which are precipitated from their solutions as Hydrates, by Hydrate 

of Ammoniumi in the presence of Chloride of Ammoniwnu 

Aluminium. 
Chromium. 
Iron (ferric salts). 

Group IV. 

Basic radicals, which are precipitated from their solutions as Sulphides, by Sulphide 

of Ammonium. 



Manganese. 

Zinc. 

Cobalt. 



NickeL 

Iron (ferrous salts). 



Group V. 
Basic radicals, which are precipitated from their solutions as Carbonates, by 



Carbonate of Ammonium. 



Barium. 
Strontium. 



Calcium. 
Magnesium. 



Group VI. 

Basic radicals, which are not precipitated from their solutions by reagents which 

predpitate the other groups. 



Potassium. 
Sodium. 



Ammonium. 
Lithium. 



PART I. 



BASIC RADICALS. 



The blowpipe flake consists of an oiUer and au iJiTier part. 

The otUer or oxidising flame is the onter yellow cone. 

The greatest oxidising effect is produced cU or just beyond the point of this cone, 
since the substance to be oxidised is here strongly heated and at the same time is in 
immediate contact with the oxygen of the air. 

The inner or redudng flame is the inner bine cone. 

The greatest reducing effect is produced just beyond the point of this cone, since the 
substance to be redaced is here subjected to the greatest heat^ and at the same time 
brought in contact with unbumed matter of the flame, ready to take up oxygen. 

All substances should be reduced to a fine state of subdivision in a mortar, if not 
already in that condition, before subjecting them to the action of the blowpipe flame. 

The flame should be allowed to impinge dowly on the charcoal or other support. 

To form a Bobax bead on platinum wire, the wire should be twisted at one end 
into a loop^ the moistened wire then dipped into Borax and heated in the outer blow- 
pipe flame, if necessary more Borax may be taken up, and again heated, and so on until 
a clear, round bead is formed on the loop of the wire. 

The smallest posstble quantity of the Bubstanoe to be experimented upon, should be 
allowed to adhere to the Borax bead. 

* 

Fluxes (such as carbonate of sodium) should be reduced to a fine state of subdivision, 
and intimatdy mixed with the substance to be fused, before applying heal 



N.B. The conventional terminations -ous and -ic^ frequently employed throoghout 
these pages, have reference to the relative proportions in any salt, of its basic and acid 
constituents. 

The salt which contains 

the createst number of equivalents of basic radical) _. ,. ^ ei,i.^«^r^v 

,^~^ /^ H-owsalt^e.g. Ferrous Sulphate Pe,(SoJ. 

to the least number of equivalents of add radical j " *^ *^ 

The salt which contains 
the le«t number of equiyalento of b«don«Ucal U ^ salt^ «. g. Femo (Monde Pe. CI . 

to the greatest number of equivalents of acid radical ) " * 
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BEHAVIOUR OF BASIC RADICALS WITH REAGENTS 

IN THE DRY WAY. 



N.B. The Blowpipe is to be used in all the following experiments, unless the contrary is stated. 



GROUP I. 



SILVER 

Nitrate of Silver. 



Acetate of Lead. 



ME&OURT 

MercnrooB Salts 
Sttbnitrate of Merotuy. 

Mercuric Salts 
Chloride of Mercnrj. 



Heated on Oharcoal. 

i. In the outer flame. 



iL In the inntr flame with 
Na,CO^ 



Fueed with Carbonate 
of Sodium. 

In a s^asi bnlb-tube, or tube 
closed iS one end. 



non-Yolatile. 

Dark-red lnoru8tation\ 



White metallic lobules'- 



non-Yolatile. 

Coloured Incrustation. 
Orange (hot). 
Tellow (cold). 



Metallic globules. 
Unth yellow Incmstatiou'. 




volatile. 

Dense white incrustation. 



Orey sublimate, 

on oool part of the tnbe^ 



1 This does not oeeor with all ar- 
gmtlcMlti. 

* The bwt waj to raider reduced 
metallic gnliu rialble, aa well aa to 
test their maUeabUit/p in all caaea, la 
to Bcrape off the reduced maaa from 
the charcoal, and waah it hr tritu- 
rating In a amall mortar frUh die- 
tiUed water, when the metal beoomea 
dlitlnctljvlaible. 



1 The metal maj be eaaUj reduced 
without the aid of carbonate of 
■odium. 

I This incrustation Is produced, 
because metallic load Is Tolatlle at 
a red heat, and the oxide itself at 
a still higher temperature^ 

The oKier Jiam^ In this experi- 
mant acquires a blue ooloul^ distin- 
guishing between lead and bumuth. 



1 The salt is decomposed, the me- 
tal volatilises and condenses upon 
the cooler ne^ of the tribe. 
Sflga -I- KasOOs" figtCX)s + SNaCl 
and 
Hgs OOs s IHg. + CDs + O 
volatile 
The mercury salt must be anhTdrous, 
and therefore should be drieid, ana 
the carbonate of sodium ignited, 
before use: with certain salts liow- 
ever (chlorides) which arc volatile 
without decomposition, the mixture 
must be moistened with water, and 
then expdled by gentle heat, before 
applying the blow^pe flame. 



03i 



ail 

Hil 



-; ast 



ill 






ail's 




M|i| 



ill 

ill 



8. 

Pi 



it 



ilJj I! If. 3 3i 



- 3 3« 

S3 pa 



ipi 



^iim 



I O J 

,0 i X 



Jl 



I ft 



III 

Jl 



1=-- p* 

1?^ ft 



% 
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GKOUP IL Sbction ii. 



BISMUTH. 

Subnitrate of Biimuth. 



OADMZX7M. 

Chloride of CnHminin. 



OOFPSB, 

Snlphate of Copper. 



Heated on Charcoal. 

i. In the o/¥Ur flame. 


Fuse to a Brown mass. 

On oooling beoomea Yellow. 




* 


U. In the inner flame. 


HetaUic globules'. 

hriuU. 

WSi yellow inomstation. 


Red-brown incrostation^ 


MetaUic parttdes*. 

WMlfffflNf. 


Heated on Flatiniim 
Wire wifh Borax. 

i. In the outer flame. 


Coloured bead*. 

Tellow (hot). 
ColonrlesB (cold). 


Transparent clear bead. 

If MiMftitoei with Cadminm nlty 
beoomei miXhvikiU on oooling. 


* 

Coloured bead. 
Oreen (hot). 
Bine (oold). 


ii. In the inner flame. 






Colonrless (h<»t). 
Brick-red" (cold). 




1 The ndnetfon of inetAl if fluOl- 
tat«d b7 the use of cerbonate of 

The ineragtatloD ia also mora ap- 
parent when thlB flux k emplofed, 
sinoe metallic hismuth ia more Tola- 
tUe than the oztdeu 

s Verr small qpaatitiee of Umu* 
thio aaltehoald oe need, aa other- 
wiae the bead beoomea opaqnek 

Oefieratttfia alt gyriwaitt ie<fli 
Jkmm o» ffaWawa Irtft, eery tmaU 
MkMifiMM 9f tte Mtte^ 5t total 


1 The metal iared]ioed.irohitlliaea» 
re-oxidiaee aa it paaaea through the 
outer llame^ and condenaea on a oool 

oxide. 

1 


1 The xedndinn of metal ia IhdU- 
tated bf the nae of caiboData of 

The oolonr (eopper^coloiii) of the 
paitideaiaefaaracleHatic. Ifwaahed 
m a mortar, the colour and malle- 
ability become yvrr apparent 

* It laneceaaaiynerethatthebead 
ahoold be fUlj aatuated with the 
aalt of copper. 



-•• 



GROUP HL 






StfTTTi.'n.ijmnf ic v 



F 
F 



ne. 



1 .^x Utf mar' 






X Iruif miv^ 



X IxUtf 



I 



X. ^ 




x: -o- Xartac «&>- 
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GROUP IV. 



MANOANEBli. 

Sulphate of Mangaoete. 



ZINC. 

Sulphate of Zioc. 



COBALT. 

Nitrate of Ck>balt. 



NICKEL. 

Sulphate of Nickel. 



Heated on Char- 
coal. 

i. In the outer flame, 
a. Alone. 


InAiBible. Brown re- 
sidne. 

1 


Inftisible. Incande- 
scent residue \ 

Yellow (hot). 

White (cold). 

Green coloration. 


Inftisible. Dark-green 
powder. 


InAisible. Greenish or 
DuU-blaok residue. 


/3. Residue moistened 
with CoNO,. 


1 






ii. In the inner flame. 




White incrustation' 

(distant.) 






Fused on Plati- 
num Wire with 
Borax. 

i. In the <mier flame. 


CoIoTired bead. 
Amethyst. 


Clear bead'. 


Coloured bead\ 
Blue. 


Coloured bead. 

Violet (hot). 
Bed-brown (ooid). 


ii. In the inner flame. 


Colollrle88^ 


lDlk-white«. 


Blue. 


Grey*. 


Fused on Plati- 
num Foil with 

NaaCOs-f-BafOs. 


Blnish-greea colora- 
tion <oold). 








« 


1 Can most be taken to nm 
an extremely mlinite qaaaUtS 
of manganese aalt. 

Hm bead aunmes a pink eo- 
lonr before beooning oolour- 


1 The biilMaatincandeaeMice 
is dianetcrifltie. The colora- 
tion only appears on lemoral 
ttom the flame. 

* As has been pointed out in 
aaalofons cases, reduction of 
meM first takes place, the 
metal vdlatlUsing, oxidising, 
and condensing on aoool part 
of the diarooal sopport 

* If sataiated wflh the sfaie 
salt 

« Intense heat dionld be a- 
Tolded, or reduction of metal 
takesplaciL and the metalaOoys 
withfibe^atiBom. 


> By the odonr of this bead, 
cobalt may be reoosnind CTen 
in the presence of other metala 

• 


1 Ob adding nitrate of po- 
tassium to this bead, and heat- 
ing again in lft« OBMrnngJUveUt 
it asBomes a purple tint. 



-«Jt^ 



r f'-r—.-t 




C 3^ 1 1 I L 





Ti'^mrTi 




iirrn- 




*. — * — 




-ii t 



->=?- K 4g-:'. .■ ■■ II 



.a£ 



.£. -»r . z *> ns-t c - 
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POTABSniM. 

Nitnteof 



GROUP VI. 



SODIUM. 

8a4>h«te of Sodiom. 



AMMONIUM. 

Chloride of Ammonium. Chloride of Lithium. 



Heated on Char- 
coal. 

In the imUr flime. 


Fuse into the char- 
coal. 


Fuse into the char- 
coal. 


VolatUe. 

White incrustation. 

• 


Fuse into the char- 
coal. 


Heated on Plati- 
num Wire. 

• 


Flame is coloured^ 
Violet. 


Flame is coloured^ 
Yellow. 




Flame is coloured. 
Carmine^ 




1 Pwt of the Mdt TolatQisM 
(since certain nits of potas- 
slum, espedallj the chloride 
and nitnt^ TolatOlae at an 
intense red heat) and Is decom- 
posed bj the carbonaceons oon- 
stltnents of the flame. Fotaa- 
simn Is set fine in the fonn of 
vapour and tmrna with the 
chAraeteristio violet flameu 

The coloration is not per- 
ceptible to the naked eje in 
pmenoe of sodium. The in- 
terposition of A piece of dwk 
blueslass between the tjB and 
the name renden it pofectly 
visible, since the bine g^aaa in- 
teroepts the yeDow rays of the 
sodiom flame. 


1 Bodlnm salts are more voIa- 
tOeat an intense red heat than 
the corresponding potassinm 
salts, hence the coloration of 
the sodinm flame is more 
maifced. 


/ 


I The colour of this flame re- 
semtdes that of strontium, but 
diibn ftom it in containing 
lessyelloir. 

Presence of salts of sodinm 
obsenres this reaction. Potas- 
sium does not matwrlally inter- 
fere. 
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THE PROCESS OF SOLUTION. 



(I) All bodies must be reduced to the liquid state (if not already in that condition) 
before the experiments in the following tables can be performed. 



(2) The following solrents are usually employed in analrsisy and are applied suc- 
cessively in the order here giren: — ^Wato*. Hydrochloric Acid. Nitric Acid. Nitro- 
hydrochloric Acid. 



(3) The substance must be reduced to a fine powder in a mortar, before proceeding 
to dissolve it, in order to fiudlitate the action of solvents. 



(4) The solubility or otherwise of any solid in a solvent may be ascertained by boiling 
the solid in the liquid, allowing the undissolved residue (if any) to subside, decanting the 
supernatant liquid, and evi^rating a portion of the latter on platinum foil. If a residue 
remains on the foil, the solid may be deemed sufficiently soluble for all ordinary purpoees. 



(5) Decantation should always be preferred to filtration, in the process of solution, if 
possible. 



(6) Before treating any substance with adds, the student should endeavour to deter- 
mine the particular add which is likely to be applicable to any given salt, as an inference 
from the preliminary examination with the blowpipe, or by a reference to the tables of 
reaction. 

e. g. If Silver, Lead, or Mercury, have been detected by the blowpipe experiments, 
and water fiuls to dissolve the salt operated upon, XUric Acid must be employed as 
the solvent (Gr. L col. i). 
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(7) The above acids should be employed in a tolerably concentrated foi^m and iii 
9nuM quantity. Any required amount of dilution can readily be obtained after boiling 
with the strong acid. Some bodies dissolve in dilute acids which will not dissolve 
in strong acids, whilst other bodies dissolve in the latter and are reprecipitated on 
dilution. In the latter case the substance must be treated as directed in the following 
paragraph. 



(8) If a body resists solution in water, hydrochloric acid, nitric acid, and nitro- 
hydrochloric add, it must be weU mixed with four or five times its weight of dry 
carbonate of potassium and sodium, fused in a porcelain crucible (over a gas burner 
or in a furnace) and allowed to cool. The fused mass must then be treated with 
water, and heated. If water fidls to dissolve it, the adds mentioned in (2) must be 
employed, but in all cases the mass must be well washed with water in order to 
remove any soluble bodies which may be present. 



(9) In the case of compounds of cyanogen, in order to guard against possible 
contingencies, the substance should be decomposed by boiling with solution of hydrate 
of potassium, and some carbonate of sodium ; the residue washed and dissolved in acid. 



3—2 



a>« 



3 



;;^ 2 



« -. 



^ T 



71 4 



_ « • 






5 O £ 



^^ ^■^ '^^ '^^to ^ ^"^ ^^^ • ^^ 



= » 1*-? -!' ""S 









2 



» — 






— i i 



s r 
"« » 






« 5 



^- 



3 & 

— « 



^ ^*— s 



• f 






— . "^ * "—' 



z ^ — 



« - 






5f 3^1 






- -J « 



^ 
« 



*s 







-tl 



i! 



^1 



h61 



.1 |B 






ait 



O W 

Si 
J 



Is I iflmJ ill 






vi\ 




z%m mm 









I! 



-Is 



0-* 



51 



Bo 



Iji I! i|{| 



3 iill 

ii!iiilli4Slil 

WHllriis aj|i||||i 






24 



GROUP II. 



METALS WHICH ARE PRECIPITATED FROM SOLUTIONS OF 

THE PRECIPITATE SOLUBLE IS 



TIN (Staimoufl salts). 
Proto Chloride of Tin. 



TIN (Stannic salts). 

Bichloride of Tin. 



ANTIMONT (Antimanioiu salt^ 
Terehloride of Antimony. 



I. 

HydroBul- 
phuric Acid. 


Sna+H,S 

dark-brown Sn^S 

8ol. in sulphide of ammonium a, reppt. 

by hydrochloric aoid/9. 
sol. in hydrate of potassium, reppt. 

unchanged by hydrochloric acid, 
insol. in carbonate of ammonium. 


aSnCla + aHgS = 

yellOWa SngSg 

sol. in sulphide of ammonium, reppt. 

by hydrochloric acid, 
sol. in hydrate of potassiuni. 

insol. in carbonate of ammonium. 


iSbOlg+sHaS = 

orange (ohanicteriatic)a...SbaS3 
BoL in sulphide of ammonium. 

soL in hydrate of potassium. 

insoL in carbonate of ammoniiun. 


IL 


SnCl + KHO = 

white SnHO 

sol. in excess of hydrate of potassium. 
On boiling this solution, metallic tin 
is separated 7. 


2SnCla+4KH0 = 

white H,Sn,Os 

stannic acidjS. 

sol. in excess of hydrate of potassium. 


iSbCl,+ 6KH0 = 
whitfi (flocculent) Sb.O. 


Hydrate of 
Potassium. 


soL in excess of hydrate of potassium. 
insoL in hydrate of ammonium. 


III. 




aSnCla+3H,0 = 

white H,Sn,0, 

stannic acid. 


iiSbOlg+isHjO = 
white iSbC!,.5Sb,0, 


Water. 




powder of algaroth/). 
sol. in tartaric acidy. 


IV. 

Mercuric 
Chloride. 


SnCl + aHgCl = 

white Hg,ci 

d^pomposes when heated with excess 
of stannous chloride, with sepa- 
ration of metallic mercury 9. 










V. 

Cupric 
Sulpnate. 












- 


VI. 

Nitrate of 
Silver. 












• 




a The pot. is only purtiallT- soluble In ordi- 
naiy •olpnide of ammonium [(NH4)aS]— it 
only dismlTes oompletely when a higher sol- 
pEdeiBused(NH4^. 

fi B^rochloric add repredpitates as stannic 
sulphide (SngSg). 

Y Part of the tin becomes oxidised at the 
expense of the other part— thus : 
4 SnHO -I- SKHOsKflSnsOs -i- SHaO + Sna. 

I Stannous chloride removes au the dilo- 
line fkom the mercury, and metallic mercury 
separates as a grey deposit. Hence the yalue 
orstannous chioride as a reducing agent 


a Alkaline solutions are not predpitated. If 
the stannous chloride is in excess the ppt. is 
white. 

fi The salts of stannic add have the general 
formula MaSsOs. 

Another modification of the hydrate ex- 
ists, as MeUutatmie addt having the formula 
HioSnioOio. It is produced b7 the action of 
concentrated nitric add upon metallic Tin, as 
a white powder. Its salta have the general 
formula MgHaSn loO 1 5. 


a This ppt. only forma completely in an 
add solutioo. 

fi SbgOs should be dissolved in hydrochlork 
add, evaporated to a small balk, and th^o 
poured into much water, whoi the white oxy* 
chloride wiU he predpitated*. 

Y This reaction distinguishes antimonioo.^ 
oxychlorlde from bismathic oigrclil(»ide (stv 
Bismuth, Or. IL Sect n.). 

* This ppt. will often appear on simply di- 

may then be removed by hydxochloilc add. 
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Section i. 

their salts, as sulphides, by hydrosulphuric a cid, 
sulphide of ammonium. 



ANTZMONT (Antunonic salts). ARSENIC (Arsenious salts). ARSENIC (Arsenic salts). 
Antimoniate of Potasdnm. Arsenious Acid. Arsenic Acid. 



iK^SbO.a+sHaS = 

orange-yellow /9 Sb^S^ 

soL in sulphide of ammonium, reppt. 

by hydrochloric add. 
soL in hydrate of potassium 7. 



aHaAsOsa + aH^S = 

orange/s AbA 

sol. in sulphide of ammonium, reppt. 

by hydrochloric add. 
sol. in hydrate of potassium. 

sol. in carbonate of ammonium. 



SbCl5+4H,0 

white HaSbO^ 

metan timonicacid 9. 

80I. in hydrate of ammonium, 
sol. in water, reppt. by adds. 



aHjAsO^+sHgS = 

yellowa AsgSi 

soL in sulphide of ammonium. 

sul. in hydrate of potassium. 

sol. in carbonate of ammonium. 



•^ 



I. 

Sulphides. 



II. 

Hydrates and 
Oxide. 



aHaAsOa ) 

+ > + 3Cu«S04«= 
6NH4HO) 

green aCusAsOac 

sol. in hydrate of ammonium and 
acids. 



H.AsOa J 

3NH,H0) 

yellow AfoAsOa 

sol. in hydrate of ammonium, nitric 
add, and acetic acid. 



sHaAsOf 

+ K3Cu,S04= 
6NH4HO 

bluish-green 2CuaAs04 

sol. in hydrate of ammonium. 



III. 

Hydrate and 
Oxychlonde. 



IV. 

Mercurous 
Chloride. 



V. 

Cupric Arsenites 
and Arseniates. 



HaAsO^ + SAgNO, = 

brick-red7 Ag8A804 

sol. in hydrate of ammonium, nitric 
add and acetic add. 



VI. 

Argentic 

Arsenites 

and Arseniates. 



a If the add metaatimoninte of potaniiun. 
or granular antimoniate (such aa is emploTea 
in testing for sodium) is used, the formula 
K«UfSb207 must be substituted forUie above. 

^ Presence of tartaric acid prerents pre- 
cipitatiott. 

y Antimoniate of potassiam separates on 
standing, as a ctystalline ppt. 

a Strictly the above reaction consists of two 
I>art«, an ozychloride of antimooT being first 
fbrmed thus :-fibCl5 + HsO - CaaSbO + 2Ha 

and 
ClsSbO + SH0O - HaSbOi •¥ 3HCL 
Metantimonic acid is very unstable, rapidly 
passing into antimonic add. 

HaSb04-HsO = HSbOs. 
Hence in many works the product of the re- 
action of penta-chloride of antimony witti 
water, is csJled antimonic add. 

There are three modifications of antimonic 
hydrate — 

AiUxmcmie AciA (HBbOsJ^ormed ftrom 
metallic antimony and aqua regia. 

MeimMmmic Acid (HaSboii) formed as 
above. 

ParcMamMAt ifeid(H4Sba07)fonned by de- 
composing an aUcallne antimoniate by an add. 
This is the metantimonic add of Fremy and 
other chemists, forms two classes of salts 
M4Sbfl07 and MaHsSbsO?. It is analogous 
in its properties to metantimonic add. 

This series is analogous to the phosphcnle 
series. (Sm Odling'i AamMii, p. 3Mw) 



a Arsenious add is only known in the state 
of aqueous solutions. It may be prepared by 
boiling arsenious anhydride (white arsenic) in 
water, on cooling a portion of the latter is 
held in solution. 

B Alkaline solutions are not predpitated : 
the above ppt only ocairs in presence of a 
free add, such as hvdrochloric acid. 

y The oxide is obtained when ores of metals 
containing arsenic are roasted. It occurs in 
two varieaes, the vitreous and ctystalline. 

d The aqueous solution of arsenious add 
used in this and the following exi>eriment^ 
must be exactly neutralised by hydrate of 
ammonium, otherwise no effect is produced. 

« Known as Scheele's green. 



a The ppt. does not form immediately, 
even in a concentrated addified solution: 

grolonged passage of hydrosulphuric add 
I required to throw down the sulphide. The 
ppt IS most completely formed by boiling 
arsenic add solution with sulphurous add 
until no odour Lb evolved, thus producing 
arsenious add (HaAs04 -f HaSOg » HaAsOs 
-»■ Hg604), then passing hydrosulphuric add 
gas. 

The sulphide as above seems to be merely a 
mixture of one atom of tersulphide (AssSa) 
and two atoms of sulphur. 

{) The oxide is obudned by oxidising arse- 
ous anhydride (AssOa) or arsenious add 
(HaAsOs) oy means of nitric add. It oc- 
curs in the form of long prisms, containing 
2111^04 + HaO. 

y The ppt is more completely formed when 
the solution of arsenic add is neutralised by 
hydrate of ammonium. 
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GROUP II. Section i. (Continued.) 

BiETALS WHICH ARE PBBCIPITATED FROM SOLUTIONS OF THEIR SALTS» 

AS SULPHIDES, BY HTDROSULPHURIC ACID, 

THE PRECIPITATE SOLUBLE IN SULPHIDE OF AMMONIUM. 



PLATINUM. 

Bichloride of Platinum. 



GOLD. 

Terchloride of Gold. 



I. 

Hydroiul- 
phuric Acid. 


iPtci,+aH,a 
brown-blacka Pigs, 

Bol. in sulphide of ammonium, reppt. by 
hydrochloric acid. 


2AuCla+3H,S = 

black AuA 

soL in sulphide of ammonium, reppt by hy- 
drochloric add. 
soL in hydrate of potassium. 


I. 

Sulphides. 


IL 

Hydrate of 
PotaMinm. 


PtCl,( + HCl) + KH0/3= 

yellow (tee IV) KPtCl, 


The formula of the hydrate, produced by the 
action of hydrate of potassium not in 
excess on auric chloride, is not known a. 


II. 

Ohloro- 
Plalinate. 


III. 

Iodide of 
PotasBinm. 


Pta, + iKI = 

brownv Ptit 

Bol. in alcohol, fonning a yellowiah-green 
solution. 


AuCla + 3KI = 

green/3 Aui, 


m. 

Iodides. 


IV. 

Chloride of 
PotasBinm. 


ptci,+Ka 

yellow« KPtci, 

inioL in alcohol 




IV. 




Chioio- 
Platinate. 


V. 

Ferroui 
Sulphate. 




AuCl, + 3^0^8047 = (Fe,),(804), + Fe.Ol, 

brown powder^ Au 


V. 


• 


Beduction of 
Metal. 


VI. 

Stannoui 
Chloride. 


The addition of Btannous chloride to a solu- 
tion of platinic chloride, containing ex- 
cess of hydrochloric add, giyes a brown 
solution e. 


AuCla( + HCl) + SnCl =s 

purple AuSngOal 

Purple of Gassiuse. 


VI. 

Purple of 
Cassius. 


% 


a The ppt does not nsasUj fonn Immediately, 

fi The hjdnte is only prodaoed when hydrates 

nitrate. 

Y The ppt. only fonns upon standing or heating. 
The solanon is ooloured Immediately. 

a In dilute solatloiu the liquid, after adding chloride 
of potassium, must he evaporated to dryness, and the 
reodue treated with aloohoL 

< The coloration is due to the redaction of i^attnic 
diloride to the condition of platlnoas ddoride (rtd). 


a If hydrate of potassinm In excess is added to a 
solution of auric cnloride no ppi. Is produced, hut on 

Is formed (AUfO). 

^ The ppt dissolres on agitatton. 

Y Excess of hydrochloric add must be present, 
otherwise an insoluble salt of Iron would be formed. 

I By means of ferrous sulphate, gold may be 
detected in extremely dilute solutions by the Tiolet or 
blue tint which Is Imparted to them on addition of 
^■hta reagent. 

If the aboTe ppt. is dried, it exhibits metallic lustre 
when rubbed. 

< W hen the quantity of gold present is rery minute^ 
a dusky red tinge penrades the solution. The reaction 
is more delicate if stannous chloride contains some 
stannic chloride; The best way of applying the test 
is as follows. The solution to be tested should be 
placed with much water in a beaker and acUUfled with 
a few drops of nitric add or ferric chloride. The 
stannous chloride, containing a trace of stannic 
chloride and addifled with hydrochloric add ontil 
quite dear, should then be poured slowly into the 
solution to be tested, when the characteristic cokmr 
will mark the course of the predpitant through the 
solution. 





In actual analysis, a special and separate examination of a portion of the original solution is made, 

when the presence of one or both of the aboTe metals is suspe^ed. 
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SPECIAL TESTS FOR ARSENIC. 



I. MARSH'S TEST. 

BEHAVIOTTR OF ANTIMONY AND ABSENIC BY THIS METHOD, CONTRASTED. 



Bjcperiment. 



Hjdrogen gat i» generated from zino 
and Bolphnrio add (both preyioosly proved 
to be pofeotly free from arsenic). 

The solution to be tested is introduced 
into the generating apparatus. 



The gas (SbH, or AsH,) is dried. 

A fine jet of hard glass is attached to 
the apparatus, at the end of the drying 
tube, and the escaping gas (SbHg or As 
Ha) is ignited (after allowing all the air 
to be diiplaced). 

A cold porcelain soifaoe is depressed 
into the flsme» 

The metallic spot is treated with nitric 
add, which is carefully CTaporated, and 
then nitrate of silyer is added. 



The metallic spot is treated with sdu- 
tion of hypochlorite of sodium a. 

The spot is moistened with solution of 
sulphide of ammonium. 

That portion of the jet-tube nearest the 
CaCl, is heated by the blowpipe flame. 



The tube containing the mirror is de- 
tached from the hydrogen apparatus and 
attached to one m which pure HaS is 
beinpf generated (washed and dried by 
passiog through H^^J ; sentle heat is at 
the same time ^>plied to m mirror. 

The tube with the altered mirror is 
attached to an apparatus from whidi 
Hd IS eyolTed (by heatinff a concen- 
trated solution and drying by means of 
HgSOJ. 

The volatile SbC], is conducted into 
water, which dissolves it. HaS is passed 
through this solution. 



Remit. 



Antimony. 



Arsenic. 



Sb unites with noMceni hydrogen form- 
ing AnUnunUurttted Hydrclgen. 

SbCla + 6H = 3HCI + Sbff^. 

By passing through 9ulphurie acid, 
or oyer chloride of calcium. 



Bums with a htrnth-gnen JUune; vhiie 
fiiima arise sSbfO^ 

A black tpci of metallic antimony ap- 
peaiB, which is lustrous if thina. 



No change of colour occurs. 



The spot scarcely at all dissolves/?. 

The spot immediately dissolves. 

A Imtroua mirror appears on the inside 
of the tube beyond where the blowpipe 
flame impinges 7. 



The mirror becomes of a reddith-yettow 
or hrowniik-blaek oolourd. 



The SbfS^ entirely disappears e. 



Orange ppL of Shfi^ 



«Be«]]j NftC10-i-NaCl,nra|«nd hr miidnc a 
schrtioD of CMS and NssOOi In ezoesi^and fil- 
tering. 



•Theoold nnftoe rednees the tempentaie, henoe 
a portion of tlie sntlmonj or anenle Is not ozi- 
dlsed (M It ifl when boning, giving xIm to wfatte 
ttaam), bat oondenaM on the ooHA lorfMe. 

p Antimony cannot be detected by thlf means, 
In the presowo of anenle 

Y Heat deoompoeet SbHa Into Its coniBtnentfc 
and metalUc Sb la deposited, the gas esrajHwg at 
the Jet being almost pore H. 

a TEhis is dne to toe co n v er sion of the metallic 
8bfaitoSbi8i. 

fl It Is eonverted Into volatile, cokmrless BbCb. 



As unites with naecetU hydrogen, form- 
ing Aneniuretted Hydrogen, 

As,Oa+ iaH = 3HaO-l- ailsJSr,. 

By passing over chloride of calcium. 
(Sulphuric acid decomposes AsHa.) 



Bums with a btuuh-^kite fame; white 
fumee arise = AsaOg,' garlic odour, 

A black Imtroui tpot of metallic arsenic 
appears a. 



Ck>lour changes to yellow or red. If 
oxidation has given rise to ar$eniou$ 
acid, it will chuige to yellow; if to ar- 
eenie ocici, it will change to red. (See 
Table for Group II. Sect, i.) 

The spot immediately dissolves. 

The spot remains undissolved. 

A luitroui mirror appears on the inside 
of the tube, at iome dtitanee beyond where 
the blowpipe flame impingesjS. 



The mirror becomes lemon-ydlowy. 



No change occurs. 



«If the poieeialn be allowed to remain In th« 
flame more than a second or two, the q>ot diattp- 
peari, fhxm volatilisation of the metaL 

^ As is more volatile than Sbb hence is deposited 
In a cooler pert of the tnbe. 

y Dae to fonnatlon of As^ (See lM>le for 
Oronp II. Sect L) 



ThiB test will only senre to distingidah whether one or both of these metals are present in a sub- 
stanca It will not indicate one, with certainty, in the presence of the other. If arsenic alone is 
present it is dedsiva 

4 
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n. REINSCH'S TEST. 

Clean metallic copper when boiled with a solution, containing arsenic or its com- 
pounds, acidified with hydrochloric add, reduces the arsenic to the metallic state. 
The latter forms a sted-ffrey JUm upon the copper, or if the quantitj of arsenic is 
considerable and the boiling is prolonged, it appears as large Uack scales. The fibn 
or scales may be sublimed and so converted into arsenious acid, which appears as 
iridescent octahedra. This may be further tested by boiling in water and treating 
with hydrosulphuric and hydrochloric add gas, or by nitrate of silver. 



METHOD OF APPLICATION OP REINSCH'S TEST. 



Ezperiment. 



Remit. 



The solation to be tested is boiled with \ih its 
bulk of hydrochloric add. 

Pieces of copper wire (an inch long) previously 
cleaned with concentrated nitric acid and washed, 
are boiled with the hydrochloric acid solution, for 
two or three minutes. 



The copper is removed, washed with distilled 
water, dried between bibulous paper, or in a water- 
bath, introduced into a hard glass tube uontracted at 
one end, and heated by holding it obliquely in a gas 
jBame. 

The portion of the tube containing the sublimate 
is filed off and boiled in water. 

A portion of the solution is tested by hydrosulphu- 
ric acid gas. 

Through the same solution hydrochloric acid gas is 
passed. 

A second portion is tested with nitrate of silver, 
(taking care to neutralize first with ammonia)* 



Arsenic, if present, is reduced on the surface of 
the copper, either appearing as a grty diiooloraUon or 
film, or as large black aecUes, 



A cryttaUine auUimate of arsenious add forms on 
the cool part of the tube. 

Solution of arsenious add is formed. 



YeUow temUphide of anenic is predpitated. 



No change takes place. 

Yellow a/neniU of iUver is precipitated. 
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III FRESENIUS' AND BABO'S TEST. 

If arsenitea, arsenious add, or tersulphide of arsenic (the latter la preferable when 
merely trying the reaction) are fused with equal parts of dry carbonate of sodium 
and cyanide of potassium, the whole of the arsenic is reduced to the metallic state. 
Seing extremely volatile, it condenses again, if the operation is conducted in a bulb- 
tube, upon a cool part of the tube, forming the characteristic arsenical mirror. If 
the operation is conducted in an apparatus which ensui-es the preservation of the 
arsenical vapours from contact with the atmosphere, the delicacy of the test is so 
far increased as to render it at once the least objectionable in its application and the 
most efficacious as a means of detecting the presence of arsenic. 

Fresenius and Babo instituted a series of experiments which shewed that the 
required delicacy could be obtained by heating the mixture of the arsenical compound, 
carbonate of sodium and cyanide of potassium, in a stream of carbonic acid gas 
(anhydride). 

METHOD OF APPLICATION OF FBESEKIUS' AND BABO'S TEST. 



Bjcperiment. 



Remit. 



Carbonic mad gat is generated in an ordinaiy gas 
apparatus, from lumpi of limestone or marble and 
hydrochlorio add. 

The gaa is dried by paanng it through sulphuric 
add. 

The mixture ($ parts dry carbonate of sodium, 
I part dry cyanide of potassium, i part dry tersul- 
phide arsenic, intimately mixed in a mortar) is intro- 
dueed into a oombustion-tiibe of httd glass, drawn 
out at one end and attached at the hurgo end to the 
egress tube of the wash-bottle. 

The gas is allowed to pass so as to expel all air, 
and then at the rate of one bubble per second (this 
can be effected by pouring water into the generating 
bottle). 

The combustion tube is heated in its entire length, 
to expel all moisture, then to redness at the shoulder 
beyond the mixture, and then at the same time the 
mixture until it is entizely fused. 



The portion of the tube containing the minor may 
be cut off with a file and after dinolving in water, 
may be fiirther tested by means of nitrate of silyer, 
as m the case of Beinsch s or Marsh's test. 



The ▼aponrs of metallic arsenic are carried on- 
wards by the carbonic acid gas, and the shoulder of 
the tube being heated, they pass on and condense in 
the drawn-out portion as a Imtraui mirror a, 

A garUe odawr may be detected at the end of the 
tube. 

No eompound of antimony whatef9er yidd» a Hmilar 
rtacUon under the eireumitaneei. 



a If only a miaiite qnantltj of Arsenic Is pieoenti the minx>r 
vppnn as a thin ifftyflm. 
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GROUP II. 

METALS WHICH AEB PRECIPITATED FROM SOUTTIONa OP 
THE PRECIPITATE INSOLUBLE 
BISHUTH. 
TerebloHda of Binniitfa. 



MBROURT (Uotvnric ultg). 
Perchlorid* of Uerour;. 



Hydroiul- 
phurlc Actd. 



6HgCI-f-iH,S 

white" 

inioL in Bulphids of 



iBiCl,* *■ iHfi 
brown-black. . 

iniol. in lalpbids of 
sol. Id nitrio uid. 



HgCl + KHOjS 

reddish-brownY HgHO 

(if only ■ BDull qiuntit; of EHO U added.) 
iiuoL ID excen of hjilMe of potutiam ; on 

adding tie ceccm, tiu ppt. u cimvcrted 

into Ou jpUmB andt (Hg,0). 
insoL in lijdnte of 



3BiCl,-i-6KHO 
Whitfl [flocoolmt) KH,0,.Bi,0, 

iDBOt. in aiosM of hjdnta of potMnnm;!. 

aaoL in bydnte of aimnomnm. 

Action of Wstar on BimuUiio Balu. 

3KC1, + 3H,0 =. 

White7 BiCl,.Bi,0, 

inaol. in taiUrio aoid (Me Antiman;, p. 1^), 

BiCl, + jKI 

brown ((gttelliDe) Bil, 

iiMoL in eiom of iodide of poU«iam. 

BiCli-fjECrO, 

lemon-yeDow Bi(CrO^, 

sol. in nitrie Mid uid bydnto of m 
iMoL in hydnto of potMiiui * 



4HgCl+]EH0 

yellow* »Hf,0 

iaM>l, in sxcen of bjdnte of pouauiun. 

HgCI + KI 

Bcariet Hgi 

HoL in eiceH of iodide of potaaiuin. 

jHga + H,0 + KCiO, = 

yellow HfeO.HgCrO, 

«ol.inaddi. 

iHgCi+Soa = Siici.+ Hf,a 
white ppt Hg,ci 

Hg,<n4-Sna = 8uCl,4-Ht{, 

greydsposite Hg 



KCl, + 3ECr 

white- BiCy, 

inioL in maem ot c^uuda of potaadn 



The wliite ppl. In onlr prixlaoed by maU jmanli- 
j'-'ottho tM^Bl, ItUit oipsriiDonl li aRfnOj p*T- 
unaiuit of RusDt wld«l, Tellu*,' oinngi, brown, uid 
tntlb bUok tnm ramiUlou of th» tilick nlphlde 
|H«g)' TbewhlUppLbHlhefonnDLiutKtwd^lt. 

B Ttao Kllon of IiTilnte of HDimanluni OD DMnatle 
•dtililaianD ■ doiiUi cUoridi and widti/iiur- 
atn (HgQ. HgNHi) Uiiii: 

■B(CI+tNH.BO={HgCl. HgNH,)4.Cf a,CI+tHfO. 



nHJppt It knani hj & num of " whitt pncMtata." 

y The Ivdnto npUtj hmh Inlo tbe oiid* IHuOI. 

"ht experiment M OeUled In □. miul ba emmUi 
^rftimed or the roKtiaiu will not occur. 

S When nwRnule orlda h nrewind In ur 
wij Ihu bj lilt Action or ui ndull, it Ib nd. 

BM.Ti.t I |...'i..r ..^.i .-trrv ofutnwat (U 



krdnicUorlB uU bimj ba nbUltoWd 10 

|)If iftar addlsc enau of hrdnta oTpotualun, the 
ppt !• ellandto nbilda, the npeniiiut UoBld da- 
cuted, ud tbr nddue anpoiMedIo dnwaa, Um ppt. 
will ba ooDTanad Into Fe^ (Mdc (Bl^. 

TberaUow oilda It not Aamad on menlj boiUBi 

vl^MnlMnilKtlanMdtaKenltL ThaoUor- 
Ida l> uutv annJoTed In tUi nectten, ■* Ua daean- 
podUon li nx)^ eomplata; wUb nUraM, ■ mixed 
b/dnla and nhnta ottUmath iwaHa. 

•ddud Ut trtnliiHllh- hi lif dntn at pnliwliiii. iHi 



.wbUappLaohiblaln 



THEIR SALTS AS SULPHIDES BY BYDROSVLPBURIC ACID. 
IN SULPHIDE OF AMMONIUM. 



SulpluM of Copper. 



briUlant yellow. 

luoL in mlplude of 



black (bfl^M)- Cii,S 

iuo]. in mlphide of uamouium. 

mL in nitnc xdd. 

•oL in oyaiuds of polMdotn. 



Cda-t-KHO^ 

white CdHO 

ioHl. in «xoeM of lijrdrMe of poUaioniT. 



Cii,SO, + iEH0jl s 

bine (floomilent)7 iCnHO 

uuol. in siom of hydrate of poUMiim, 
hoiUitg tmverU Ikit ppl. iMo tkt blvek a 

(Cn^). 
■ol. in hydnte of Mnmaninml. 



boilins 
On^, + lEHO = 

black* Co,o 

K>1. in hjdrocUoiia, nibric^ or antphnrie Mid, 
formins ootnapondiag caprio lalU. 

Cu^,+ iKI =. 1 + 

browii CV 

aoL in azoMi of iodide of potudnm. 

Cii,SO, + iKCrO, B 

yellow-browa iCnCrO, 

uA. In dtrio Mid M>d hjdnte of amntoulnni, 
with the lattar fonning > green lolalion. 

Ca^O, + Fe, = Cn, + Fe^, 
metallic coating on the iron Cd 

■gan§«aet of an amd (HCl) aocelntci tU« 



cda+KCio, 
yellow... 



Cda + KCy 

white OdCy 

•ol. in axoMi of cyuitds of poturiam. 



Cn^j + iKCy = 

green-yellow sCnCy 

■oL ineieeMof eyMudec^polMdomf, 



■lUa nacUoD trrm to dlitisnlih batnm cad- 
mlBv uul ecmer In the piocoa or uaIjiIl 

f HjdnU la uumonlDin tba pnidDn* a wliUa ppl. 
orbTJbBto with wloUotu of adtDlam altt, bqt Tt li 
ntSSlT Kinbk In uaa of th> pred^tuL 

T On tiMUu thli lohiUon, u dlnctid 1b not* p, Bit- 
math, tlw Brvn (liUi lCitO\ !• folmid. 



■ Thli ppt. npIdlT iiburtH oimtn fr 
pwM laid cnprlr nO^Uf : 



ir RUpbUe: 
■ujutul« pmdufcs 
N lt,Ca iSo,l. Sec 



c lulplid^ of cupnm- 



K>i:i— bvD« lt4 VHlui. in 4:t(uk u 
t udd predl>ltal« nbito cnpn 



GROUP 

METALS WHICH ABB PRBOIPITATED FROM SOLDTIOHS OF 





ALXTWUnVM. 


OHKOMIUM. 

SulphAto of Chrotniom or Chiomfo Aotd. 


I. 
Hydrate of 
Ammonium. 


A1,CI. + 3NH,H0 = 

White tg9l»tmouB)a Al^A 

insol. in eicMa ot hydrate of unmoDium. 


blnish-greeo iCr^O. 


n. 
Hydrate of 
Potasiium. 


AJ.Ci,-l-3KH0 

White AI^O, 

aol. in evxw of bydnte of potanium, and 

not r^it. on boiling. 


{O-J^30J.+ 6KH0 = 

green *Cr^O, 

vol. in aioesa of hydrate of potasdani, and 
abortpptOnMling. 


III. 
Sulphide of 
Ammonium. 


« A1.C1. + 3 (NH J,S = <SNH,C1 + (AIJA 

(AI,),g.+ 6H,0 

whiteppiS iA1.H.O.+3H;8, 


A limilu' reMtion oocun with chiomic udU 
uid aulphide of unmonimn m i« tha 


IV. 

Ferrt-Cyanide 








V. 

Ferro-Oyanide 
ofPotasiium. 


'"'c^-rjo^s^S't^.u^jrrf 






VS^' 


Al,C3,t.K.80.r - 

WMH A1.K(S0.|, 


mIuUbb. 


VII. 

SlUcate of 
Potaselum. 


AI,OI, + jKSiO, . 

White AJ,<S0,1.1. 








Al,H^I, + KflO=KAl,5, M^tHtO 

jn^to wrtar Into the wUt. lijdnU aaS h^bv 

nntit of nactloDi with f tea Ihc Diobt varied rMgaat* 
geaerallr tl Ni iiiaolnbl* lalt, and Ua fonuat&b 

S?p."-^/i^ha«^h'^d"- '^ 
"^'^^^tthel^ofthetmaalnm. All *», 


sSSkx'''^*^^^'*''*'^ 
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III. 



THEIB SALTS, AS HYDRATES BY HYDRATE OP AMMONIUM. 



IRON (Ferric salts). 

Perchloride of Iron. 



IRON (Ferroiu salts). 
Protc«alphat6 of IroD. 



FejClj+aNH^HO = 

red-brown Fe^.o, 

ioBol. in exoMi of hydrate of ammonium. 



insol. in chloride of ammonium. 



hydrate of potassium re-acts in the same 
manner as hydrate of ammonium on solu- 
tions of ferric salts a. 



FeJSO^-nNH^HO =* 

green-whitea (beoomea red) sFeHO 

insol in excess of hydrate of ammonium. 

soL in chloride of ammonium^. 



I. 

Hydrates. 



hydrate of potassium re-acts in the same 
manner as hydrate of ammonium* on so- 
lutions of ferrous salts, except that the 
whole of the metal is precipitated. 



?Fe,Cl,-|.3(NHj;3 = 

black/J (Fe^A 

insol. in excess of sulphide of ammonium. 
soL partially, in water, forming a green solu- 
tion. 



toluJbiU, 

green colorationr 



aFcjCl, + sKjCfy 

blae=pniS8ian blue (Fea)fCiya 

sol. in nitric acid. 

sol. in hydrate of potassium. 



Fe^O^-KNHJ^S = 

black7 Fe,8 

insol. in excess of sulphide of ammonium, 
sol partially in water, forming a green solu- 
tion, and reppt. by sulphide of ammo- 
nium. • 



3Fe^4+aK,Cfdy = 

bine aFe,Cfdy 

insoL in hydrochloric acid and in water. 



soluble. 



« The ppt In this case alwajB contains a portion of 
the alkaline iirecipitant, which is not remored by 
washing. 

^ ThiB ppt is onlf obtained when a lolutlon of 
fenie chlonde U added to snlphide of ammonium, 
otherwise a ferroos sulphide ii thrown down together 
with snlphnr. 

HTdxtwolphuric add leduoes ferric to ferrons salts, 
with sepanuion of sulphur if the solution is add or 
nentraL If alkaline a ppU is formed. Both ferrons 
and ferric salts behare in the same manner with 
snlphide of ammonlnm, as the members of Group IV. ; 
hence by some diemists iron is Induded as a member 
of that group. 

y This coloration appears to depend upon the pre- 
sence of a trace of proto- or ferrons salt, and nsnidly 
aoiaires a tinge of nrown. It is best seen in dilute 
solutions. 



3Fe,SO^+4K,Cfy = 

whitea iKFe^cfy, 

nitric acid converts it into pmssian blue, 
sol. in hydrate of potassium. 



soluble. 




« Onbr half the Iron ii predpttated, fbr the ammo- 
nium siaf 

ferrous 

which U 

ammonium present |see Magnesium lY). 

^ It is dear fh>m the reacttons giyeii above that if 
chloride of ammonium is present in a solution of a 
ferrons salt, no ppt will occur on the addition of 
hydrate of ammonium, hence ferrous salts really 
belong to Group lY^ but in actual anahrsis the pre- 
caution is adopted of perozidislng (by nitric add) any 
ferrous salt which may be present in the solution to 
be tested, before adding hydrate of ammonium as a 
group test It is thus converted into a ferric salt, 
and will behave with the group test as other members 
of this groupu Hie desirability of contrasting these 
two dasses of salts of iron will be a soffldent reason 
for facing them t<^;ether here. 

Y Hydrosolphnric add does not predpttate add or 
neutral solutions of ferrous salts. The sulphide is 
predpitated ftom an alkaline solution by this reagent 

t liinifl blue (prnssiAn blue) on exposure to air. 



II. 
Hydrates. 



Ill, 

Sulphides. 



IV. 
Ferri-Cyanides. 



V. 

Ferro-Cyanides. 



VI. 

Double Sulphates. 



VII. 

Silicate. 



SI 



GROUP 

HBTAI^ WHICH ARE PBECIPITATED FROM SOLUTIONS OF 

HANOANESi:. ZINC. 

Sntphata of Muiganau Salplute of Zinc 



fleBh-oolonrediS Uii,s 



Zi^SO«+(NHJ^ii ^ 

white Zn^ 

■oL in mart xadi 
inioL Ht aeeUeaeid. 



MD^. + tKH07 = 

WhitiBha iMnHO 

inioL in exocM of hydntta of potaoiuni. 



Zn^O.-t-iKHO^ •> 

white (gel^tJDOii*) iZnHO 

•oL Id exoeM of hjdrKte of poUniui 



Mn,80, + (NHJ,C0,= 

pink-white Me/», 

»dL in cUorid« of unmoiuiiin. 
inloL in azcsM of oailiMUte of 



SZn.SO,) 

+ ( + i{NHJ,CO,» 
6H.0 1 

WhiteT a(Zn,CO,.32"HO) 

«oL in ohkride of wunoDinxn. 

•oL in (soeM of oubonate of ammoidatn. 



Mn^, + aKCr 

dirty yellow »MnCj 

■oL in exeew of cyanide of pottMlnint. 



Zn^. + iKCy 

White 

■ol in excMoof oyaddeof p>: 



V. 

Hydroml- 

Shnrlc Acid 
1 a lolution 
acidified with 
AceUo Acid. 



Zn^, + aHC^ ,0,=H^. + »ZnC ^O, 



iZnCAO,+H,0 + H^= 

white Zn,S,H/) 



■ HrdTDiulplinrif idd pndpltnte* ilkiliiH lolDtloiu 



dpluted by BiMa of tbg predplt 
MorUt of immoiilnni pnTcnM tht 
' Inte of uunoDliuD ■ItogBther. 

Tonu bUdI on enxHun to sir. 

rant 1 bromi HUMIon. 



1 jnUMj pnclptUtn tfe 

am qaqoBi ua mtlnlr from kUuIuu loluthnu. la 
I uld whitlou, tiocpt watte add <» V.), ui ppt. 



dia " 



li • ml»d liTdnta u , 

_d».i. ttlliiiMt li Bbamtad, wUdi 
cubonMi of ilac In lolnUea, 
a MOipa otettboaltt (nhrdild*, 



fttftjuirtini' 



THKB SALTS, AS SUUHIDES BY 8VLPHIDS OP AMMONIUM. 



black Cn.8 

■>L In mb>hTdrodi)oiio Mid. 
intot in actlic add. 



CoNO, + KHO^ 

blnOT CoHO 

imoL in «xmm of hjdnte of fottmitm. 



black |9 Ki^ 

Ml. in iiitr».b]rdroch]oric Kid. 
intol. in aeaic add. 



U^t-green *NiHO 

insoL In oioMi of hjdrabi of potanjun 



loCoNO.) 

+ Us(NHJ,00,= 
6H,0 ) 

peach coloured »(Co,co,.3CoHO) 



Ml in 



CoNO, + Kpy 

brown CoCy 

mL in ozOMi of cjMiide of potMunm. 

kdd to tka Milntion t, fev dn^ of hydiiwblanc 

Mid, uid boQ, than ftdd nuns hydro- 

chlorio add. 
tin ppt. dea not rt-foim t. 



Ni^. + iKCj 

yellow-green jNiCy 

Hi. in exooM of CTanida of potuaiutn. 

add to tha oolation a few dropa of hydro- 

chloric Mid, and bcril, than add mure 

hydrochloric moid. 
iJuppt. rt-formit. 



■ HrdnMolphQTlo add mitldir vadpltalM bliek 
aO^Mt ftsa nantnl KflatlsBS of a>EaltsDi nll^ 
but bUa lo pndplUta add Blntlw^ aai* tfa* add 



<ii1]>hncic rurti irlUi neulri 



ndialorUiaa 



•olullod o( . 

. addad-eomtiMe ptaeMtiHcm occnr^ 
UlniL HonanKooctuabowanTln tba 



anndilly DB bcMlSK Mon 

u with meafanni ud iIdc nlti : ■ Una biilc nit la 
bovarar at Qnt throwD down, nliiblfl In axcea, fanning 
a nd-bnwB lohitkiiL 

Y Tnnu gnen do anoaan lo air. On boiUni t» 
ppL iHHiMa cOBTotad iDlo tlia nd lirdnl*, wbich 
apnan aa a Uitr-nd powds. 

iTha addttko at hrdncUorie add Ubsntaa tnt 
h pli oqranle add ntcaa* with tha nanlda of tobalt 
■nd «auld* of potudnn, oabaHocjanM* of pMa*- 
dnmMnatninudatlhaaaswtlma. OnbaOlagoolalto- 
cnnld^ potaMnm (ECM^d li aonnrlad Into co- 
baM-CTanlda (KiCoiCnl*. TEIi Utta eoBlalaliic all 
tba oobalt ti not decmnMaed bj dlhila add^ baaca 
no iTt. ooon on Indof with brdre^loitc add 

• OoC»-l-lKCr+HCl= KOoCyi +HCr»KCI 



ii loaifrT actlnu of the tufriit K oacaaMIT to 

««] the nitphld«« o 
niif of amntooliUD prodncH anlj a all^ 
'Ivlng In a larsH qiunUM aF ihs rMienl t* 
,ijld.flDi!allHV™t*l>»>u>>l' Itilhtan) 



1> .i. . <<i<i|>rii.nlbrdUnt*hTdr«iliknictcli! 
(« iiii-ti'lliagian dcpoillad. ButcuiMi 

aolDbls isll of nlckeL 



id iMtaadnm 

.lirt ba taken 
i> addadfat 

L- roO, Am 
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GFROUP 

METALS WHICH ARE PRECIPITATED FROM SOLUTIONS OF 



BARIUM. 

Chloride of Barium. 



STRONTIUM. 

Chloride of Strontium. 



I. 

Carbonate of 
Ammonium. 



IL 

Sulphate of 
Caloium. 



iBaCi+(NH4),C03a = 

white Ba,CO, 

inaol. in chloride of ammonium /). 



9BaCl+Ca^« 

white ^mediately) ... Ba/I04=heav7 spar. 
insoluble. 



ni. 

Chromate of 
Potassium. 



IV. 

Hydrate of 
Potassium. 



V. 

Oxalate of 

Ammonium or 

Ozalio Aoid. 



BaCl + KCrO. * 

pale yellow BaCrO, 

sol. in hydrochloric or nitric acid. 



4Sra+(NHJ,C0B = 

white ...Sr.CO^ 

inflol. in chloride of ammonium. 



iSra + CaJ904 

white (ftfter some time) ... Sr^SO^scelMtiBe 
insoluble. 



soluble a« 



BaCl+KH07 == 

white (bulky) BaHO 

sol. in water^ forming baryta water. 



VL 

Ferro-Cyanide 
of Potassium. 



9Baa+(KH4),C,04<» 

White Ba^CyO^ 

sol. in aoetio add. 



Sra+KHO/3 s 

white (floooulent).... 

sol. sparingly in water. 



.SrHO 



VII. 

Phospliate of 
Sodium. 



vni. 

Hydrd-fluo- 
sUlcie Acid. 



soluble^ 

unless a very concentrated solution of a 
salt is uMd. 



aBaCl+Na^HPO^ = 

white Ba,HP04 

soL in chloride of ammonium, and reppt. by 
hydrate of ammonium. 



aSrpi+H.Ct047 
oxjUicacid 

white immediately) ....Sr,C,04 

insol. in acetic add. 

sol. in boiling i^oride of ammoniunu 



soluble. 



3BaCl+H^i,Ft 

whitec... 

insoluble. 



.as8i,F. 



« More addinffCMbonaie of anunoiiiam it la better 
in the caae of sU the memben of tUs group to sdd 
hydTMe of ammnnfam, to aamm m. «i<iiA&n tlT mmtial 
ouhonefce, sod then to heat ' 

^ CarboiiAtai of heiiurn, stra&tilun and cakiain 
an ali^Uy Mdnhte in ddoilda of ammoniain. In 
SJ^f* MM>Wf m» wtaila a Anther treatment of 
the filtrate which otfaerwlBe would only contain dua^ 
nedom, with a view to aepante the Mfling anantiUM 
of bariiuiL •trantinm or Galdom whii^maj hare 

y Hydnte of ammpnliun 'pRMliioei no ppt iHth 
solationa of barinm mMa, 

aWith ouJte acid, the aeld oxalate of barlom !■ 
Jpnned (BaHQiO^), and only after ataading for wme 

« Addition of aloohol ptomotei the formatkm of 
the ppt. 



aSrCl+Na^P04 = 

white Sr,HP04 

sol. in chloride of ammonium, and reppt. by 
hydrate of ammonium. 



soluble. 



JSA bii«bt-y^ow ppt <SrCrOi) fonna In eeiMMOraled 



V. 

THEIR SALTS, AS CABBOHATES BT CABBONATB OP AMMONIVM. 



«Ci>Cl-f(NH^,CO, = 

white (\co,=aao-»pw 

(dmL in cUorido of mmmoniain. 



aMga + (NH,),CO, 
white (OD boUing) 



CaCl + EHOjS 

white (btJ^) CJ£0 

IcM mL in Ao( than in ooH watvr, fanning 

oi^ickod 

white (»f(er tome time) CiiiC,0. 

infoliu ustieMid. 

inaoL in cUoride of unnumium. 

white (OB boiling) KCCfy 

ini^ in oooecntnttad bydrocUoria acid. 

iC«Cl + N«,HPO, - 

white CsHPO.m 

mL lUghtly in oUoride of unmoninni. 



A^Cl-i-EHO^ 

white (bulky)... 
infoL oMjly in wi 



iMgCl+E,Cfy s 

yellow-white (<"> boiHng) i&isfifjy 

■oL in bjdrodiloria ami 



+ t + N»3P04= 
NH^HOt) 

White 



vm. 

Flno-nlioml 



■ Satohato ot cakhun (Ca^O^b pcadcltatod ftoin 
ccacaotnMd wIoUodi of ■ aldnm nit. by nlpbnilc 
add. na Dpi. lorna iIdwIt, bnt all the '■^^*'*""* hih 
bathnwnjinnttaliiiduil&addsdh)^'- — '-"— 

■ Hjdiata of amlDInilill 
Mdatlau nt a eaklDiii lalL 

V An add nlntlan o( a ■ 

Hd br brdnt* at ammoalom btfnra 



.llli(iYliiBllipfonnui»SfMK,NH,,CO»l 

Is Bnt (Drmed, b«at aiusli fruui Uiln rartiunata of 
aoimoBium llXHiltCOiLlaiTliig tba i>reclpibi led Car- 
bonate of Duigaeiliiici. 



uonlam. TbelatUrUIOniinli , , 

1T Ui* DiagnMliun uU Iben eUoIfOf of ma^nodmiil 
kT^l Ulna plan; the ainmaDlnni alt thru loimM 
inllH wllb anot£ar sqBlnjEnt of DHgn«lDdi ult Vt 
tonu Ibr dnablc ult T]il.«lt t»iiiirlMonii«i'u 

if^miiiooliin (whkb baatani predidtaUon), uia 1m- 
nnla baoomw Hg. MHiCff. 

- -"-■ * unmoslniB li added In order 

itadpUatlon of Iba nunwria — .. 
> inong, a ppt. ■■ rormed with It nod 

Uom. In dllota ailntlDnr -' 

doBhIa Mlt fMmi onlj 
ion ii an Important tait 



aTftbt 
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GROUP 

METALS WHICH ARK XOT PRECIPITATKD FROM SOLUTIONS OF 



CUoride of PoOMsiam. 



L Ka^Ha«+HPia, 



KPlCl, 



Itl 

Add. 



white- 

wLimlijdnteol 



.KHC«H«Oc 



IIL 

9y ill ate of 



chlovic Add. 



CUoode of Sotfinm. 



nfaible. 



lY 




YL 



iX^a ^ K,H/VX ^= 
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VI. 

THEIR SALTS BY REAQBNT8 WHICH PRBCIPITATS THB OTHER GROUPS. 



AMMONIUM. 

Chloride of Ammoniiiiii. 



UTHIUM. 

Chloride of Lithium. 



NH4a + HPtC)B 

yellow (ciyatalline) NH^PtCl. 

iiuK>L Id cold or boiling water. 


soluble. 


L 


NH^a+HjC^H^O, = 

White« (GryitiOliiie) NH^UC^H^O. 


soluble. 


II. 

Add Tartrates. 


NH.Cl + KHO 

gas/J NH, 

a gUuM rod dipped in diluUy hydrochloric 
add, and applied to the month of the 
teet tube, gives riee to whiUfim€t, 
NH,+ HC1 

white fhmea NH^Cl 




in. 




DeoompOBition. 


Yv AAAW AUAAAV0"** •*••*•*-**-* «.«*« «»^^%^s 






iLiCl + (NHJ,CO. « 

whitfi (crTftalline> Li-CO. 


IV. 




insoluble a. 


Carixmate. 




Lia+Na.HP04 

white (eepedally on heating)... LiNaUJPO^ir) 

insoluble a. 


V. 


« 


Phosphate. 






VI. 






Add Metantimon* 
Ute. 


lolutioni of ammoniiim Mlta. 

Mst odour. 

y Oonoentnled addi giT« rlae ttwmaelTM to ftmMi 
OB ezporare to air, hence dilute add miut be em- 
ployed in this experiment 


« The Inaohibilitj of these Mlt« fonns a rameikible 
exospUen to the chemeten of the sslts of this group 
gsnsttUj. 





PART IL 



ACID EADICALS. 
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CLASSIFICATION OF ACID RADICALS AND THEIR 
CORRESPONDING HYDROGEN SALTS. 

Group L 

Acid radicals^ which are precipitated fit)m their neutral solutions^ by Chloride 

of Ba/nwm, 



Section L 

Barium compounds, ivmbMe in 
Hydrochloric Acid. 

Sulphuric radical (sulphuric acid). 
Silicofluorine (hydrofluosilicic add). 



Section 11. 

Barium compounds, aohMe in Hydro- 
chloric Add, with decomposition. 

Carbonic radical (carbonic add). 
Silicic radical (silidc add). 

[Hydromilphiiric acid]. 



Section IIL 

Barium compounds, soluble in Hydro- 
chloric Add, without decomposition. 

Phosphoric radical (phosphoric acid). 
Boracic radical (boradc add). 
Oxalic radical (oxalic add). 
Fluorine (hydrofluoric acid). 



Section IV. 

Decomposed, in add solution, by 
Hydrosvdphwric Add, 

Chromic radical (chromic add). 
Sulphurous radical (sulphurous add). 
Hyposulphurous radical (hyposulphur- 

ous acid). 
Iodic radical (iodic acid). 

[ATBenionB and Anenic acids]. 



Gboup IL 

Acid radicals, which are precipitated from their acidified (nitric acid) solutions, 

by Nitrate of Silver. 



Section II. 

Argentic salts, insoluble in Hydros of 

Ammordvm. 

Iodine (hydriodic acid). 
Sulphur (hydrosulphuric acid). 
Ferrocyanogen (hydro-ferro-cyanic add). 
Sulphocyanogen (hydro - sulpho - cyanic 
acid). 

[The followlDg acid radicals are precipitated from their neutral solutioiu by NiiraU of SUver : silicic, 
phoaphoric, boracic, oxalic, chromic, chlozine, bronuDe, iodine^ cyanogen, mlpanr, (araeniona and anenic 
radicala).] 



Section I. 

Argentic salts, soluble in Hydrate of 

Ammonium, 

Chlorine (hydrochloric add). 
Bromine (hydrobromic add). 
Cyanogen (hydrocyanic add). 
Ferricyanogen (hydro-ferri-cyanic add). 
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Group IIL 

Acid radicalB, which are not precipitated from their solutions by Salts of 

Barium or Silver. 

Nitric radical (nitric acid). 
Chloric radical (chloric acid). 



ORGANIC ACIDS. 

Qboup I. 

Acid radicals^ which are precipitated from their solutions by Chloride of 

Calciym. 

Tartaric radical (tartaric acid). 
Citric radical (citric acid). 

Group II. 

Acid radicals, which are precipitated from their netUrai solutions by Ferric 

Chloride, 

Succinic radical (succinic add). 
Benzoic radical (benzoic acid). 
Tannic radical (tannic add). 
Gallic radical (gallic acid), 

Group IIL 

Acid radicals, which are not precipitoited from their solutions by Chloride of 

Cahivm or Ferric Chloride. 

Acetic radical (acetic add). 
Uric radical (uric add). 



6 
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GROUP I. Section i. 



•ACIDS, WHICH ARE PRECIPITATED FROM SOLUTIONS OF THEIR SALTS 

BY CHLORIDE OP BARIUM. 

THE PRECIPITATE INSOLUBLE IN HYDROCHLORIC ACID, 
« SULPHURIC ACm (HsSOJ. HTDROFLUOSILICIC ACID (H,Si.F»). 

Sulphate of Magnesium. Fluoeilicic Acid. 



I. 

Chloride of 
Barium. 



II. 

Chloride of 
Calcium. 

III. 

Heated with 

Conc<^ 

H,804. 



IV. 

Fused on 

Charcoal 

wtthNa,CO,. 



Mg8S04+iBaa 

Whiteo BaaSO* 

insol. in hydrochloric acid. 



Mg8S04 + 2CaCl = 

white Ca,S04 

insol. in acetic acid. 

sol. in much water and hot hydrochloric acid. 



Redaction to Bolphide. 

Tests, (a) Add HCl to the reduced mass; 
odour of kydrwulphuric acid got. 
(6) Add HCl to the mass on a clean 
silTttr surface ; 
Uack Main on ike tilverp. 






« If the solution of ralphate oontidns an excess of 
ftree hydrochloric or nitric adds, the chloride or nitrate 
of bantun insoluble in strongly add solutions will be 
predpitated. and thus interfere with the value of the 
above reacUon. If. however, the solution Is largely 
diluted with water before adding chloride of barium, 
these salts, sboold they be formeo, will be immediately 
dissolved. The dilution of the solution shoold never 
be neglected in testinff for sulphuric add with chloride 
of barium. The addition of a UUU hvdrodilorlc add 
should also precede that of chloride or barium, as this 
counteracts the influence of oertain dtrates In case 
they mar be present 

B The black stain Is due to the formation of snlphlde 
of silver (AgtS). Any compound of sulidinr will 
exhibit this reaction, and therefore it cannot be relied 
upon as a characteristic test for sulp]iari€ add. 



HaSigFg+aBaCl 

white (crystalline) a Bas&SsF» 

insoL in hydrochloric add. 



soluble. 



Dense fames/'. 

Test. Conduct the experiment in a platmnm 
crucible, covered by a plate of glass ; 
thefumei etch the gUua, 



I. 

Barium 
Salte. 



n. 

Gaknnm 
Salts. 



in. 

Deoompo- 
sitioii* 



• Addition of alcdhol hastens and completes the 
piedpitation : this reaction tarnishes also a character- 
utftc test for barium (see Barium). 

^ The ftunes are due to the formation of teifluoride 
of silicon (BiF8)Lthua— 

HaSi«F» = aSiF8 + SHF 
The etdiing results fh>m the action of th* liberated 
hTdroflnoric add (HF) upon the silica of the i^Uaa. 



CHF 4- SIsOs = SaiFs -I- SHsO 

(Bee bydroHnorlc add, p. 47.) 

Hvdrnlnoeilidc add also deoompoees wfaoi ex- 
poeea to the air, or when evaporated, and if in glass 
vessels the glass is attadud by the Ubented hydro- 
fluoric add. 



IV. 

Blowpipe 
reaction. 



* nie names of the hydrogen-salts of acid-radicals (so-called ''acids **) have been placed at the head of the oolimms, in 
the following pages^ on the ground of expediency. OonTentional terms have been retained, in many instances^ for the 
same reason. 
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GROUP I. Section n. 

ACIDB, WHICH ARE PRECIPITATED PROM SOLUTIONS OF THEIR SALTS 

BY CHLORIDE OF BARIUM, 

THE PRECIPITATB SOLUBLE IN HYDROCHLORIC ACID WITH DECOMPOSITION, 

CAKBONIC ACm (H,CO,). 8IUCIC ACID (HSiO^o. 

Carbonate of Sodium. Silicate of Potassium. 



L 

Oliloride of 
Baxtam. 



IL 

Oliloride of 
Oalcium. 



HI, 

Nitrate of 
Silver. 



IV. 

Heated with 

Hydroclilo- 

nc Acid. 



Fused on 
Flatinnm 
Wire with 
Na,CO,. 



Ka«COa+«BaCl 

white Ba,CO, 

BoL in hydrochloric add, if heated gently to 

expel carbonic anhydride ; not reppt. by 

hydrate of ammonium. 



KSiO,+Baa 

white 

sol. in hydrochloric acid. 
insoL in watered. 



NayCOs + aCaa 

white 

■oL in acetic acid. 



.OatCOa 



NatCOa+iAgNOs = 

white AggCOs 

sol. in nitric acid and hydrate of ammouium. 



Effervescence a. 

(evolution of carbonic anhydride) 

Na,CO, + iHCl = H,CO. + aNaCl 

and 

H.COa=CO, + H,0 

Test. Conduct the gas into Ume-wat«r or 

baryta- water ; 

SCaHO -t-COtsCftiCOs +HsO. 



.BaSiOt 



L 
Barium Salts. 



KSiO. + CaCl 
white CaSiO, 

sol. in hydrochloric and most adds.' 
insol. in water. 



a This rascUon takes place even with the weakest 
adds*. 

This does not occnr howerer with hjrdroqranic or 
hydrosulphoric scidt. 

Snbutanoes tested for carbonic sdd 1 7 thii method, 
If In the solid state, should first be heated with water, 
as otherwise air-bubbles will be dlsengased on adding 
the add, thus stmolatiDg the escape of carbonic an- 
hydride. 

^ This ppt dissolres if excess of carbonic anhydride 
is jpassed into the lime-water, from fonnation of the 
soluble add carbonate of caldiim. 

CaHO-hCOt = CaHCOa 

acid salt* 

* The add must be added in excess. 

t Salts of other add radicals (cyanates, sulphides, Ac.) 
are decomposed by adds with efferveseen'-e, but in 
such cases the escaping gas Is suffldently reoognised 
by characteristic odour and other reactlooa 



KSiOg + AgNOa 

white 

so], in acids, 
insol. in water. 



.AgSiO, 



L TLCX-^-coneeniTQUd solution of alkaline sili- 
cate 7. 

White ppt 

KSiO, -I- Ha = HSiO, -h Ka 
(ppt. = gelatinous or hydrated silioic add). 

ii HGX-k-dUuU solution of alkaline silicate. 

No ppt 

(silidc acid remains in solutions). 

Test Evaporate the solution to dryness ; add 
HCl and water to residue; evaporate 
again; 
vhiu pounder teparaiei (idlicic anhydride r) . 



II. 
Caldum Salts. 



III. 

AigenticSalts. 



IV. 

Decompod- 
tions. 



Transparent head. (coU.) 

(characteristic). 



V, 

Blowpipe 

reaction. 



« The formula here given for silidc add supposes 
the atomic wdjsht of d/ioon to be U'O^ the anhydride 
then becomes SIsOb. 

^ The dlicates of potaadum and sodium are the 
only ones soluble In water. 

y Hydrochloric acid should be added drop by drop, 
and the solution stirred. The great mijonty of sili- 
cates are not decomposable by adds (hydrofluoric 
excepted ). They may however be rendered decom- 
posable by fodng them nith three or four times their 
weiffht of the mixed carbonates of potasdum and 
somum. The fused mass Is readily soluble in hydro- 
chloric add, and tha sUka naay be separated by evapo- 
rating to dryness and treating with fiydrochknic add, 
as in IV. 

To detect alkaline metals in slUcatea. hydrate of 
barium must be substituted for the mixed cubonates. 

Before fusion, or treating with adds, the silicate 
should be reduoed to an extremely fine pulverulent 
form in a mortar. Nitric add Is used in the case of 
silicatM containing lead. 

< Doveri statMtliat solntioii does not occur, but la 
only apparent firom the extreme transparency of the 
predpftated hydrate. 

Bllidc add Is on^ sohible in adds at iU moment <^f 
spjKmition ftom Its solutions, and then appesn to 
enter into combination with the add (Oraham). 

« Silicic anhydride is absolutely soluble; this Is often 
termed insoluble silica, silidc add bdng termed 
soluble silica. This solubility occurring however only 
under the condition stated in the foregoing note. 
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GROUP I. 

ACIDS, WHICH ABB PEBCIPITATED FEOM SOLtmONS 
THE PEBCIPITATB IS SOLUBLE IN HYDEO- 



N>^PO.-t-iB»CI = 

Whltfl Bi,HPO. 

aoL ID hTdrachlorlc kdd, nppt. b; hjdnte of 



N«^P0.4-iC>a 

White 

toL in hjdnxihloTio o 



...CttHPO, 

ilio Mnd, Teppt. bj 



NaiBoiOt + iBmCI = 

white B»,Bo,0, 

■ol. in hydroeUorio *cti), not rej^ bj hj. 

■ol. ^laringlj in w 



Nk^,0,+ 9CftCt a 

white C<BoA 



N^HP0,+ 3AgN0, = 

yellow AgiPO, 

■oL in nitric or aortio acid kud in h]>dnte 



N»,Ba,0, + iAgNO, =Bo,0,-<- 

WhiteY ' lAfBoO, 

mL in nitric acid and in hjdntt« nl ami 



NhHPO, + P«,CI, = 

White-yellows (F«,).WUi) 

inaoL in acetic add, 
•oL in other Midi. 



Na,HP0,+THNO, + NH,MoO,= 
yellow ) ( compound of photphoric 

(formula > < and laolybi^o addi witb 

unknown) ) f ammoniom 

iuKit. in dilute addi. 

Bol. in alkaliei and (bair oarbonatei. 



TL 

Heated wltb 
Concentrated 

H,SOo 
alone and with 
other rea^enti. 



Shining Bcolee 



wU« Div fono thiH dUhrml brdiogui xlti icniid- ' of Um 

iDf to U» eoiHlltlou under wtalch the (01011011 Uku 

place, ThtHan 

FiQt+HiO = IHFO>ineta-or numobMlc pfaocpborle 

P|Ot+lHi0KH4l'iO7 pfio- or Ubulc phoqjhoric 

PtOi+tBiOaSHiPOi oHbo- 01 ttlbadc ptuMpboife 

TfaelattwiiODljarMSclaDt Impoctuce to be eon- 
dderedben^ 

p The formnl* of tUe idt li nneeitilD. Tbeppt 
tarmi In neotnl, ilUfatlr ilkalln*, or eolDtioiii con- 
lalDlnf fnt oaMc aSi.TS tbt wfatloo oantAlni hr- 
dmAlOTk ta lUT other nlnenl add, lUe ■d» be 
npbnd br «% odd, br addltloD of aceUie of 
intuHhini or — " — ' . . 



tBarb* eoiuldendae npnHBUBC tb* tne 
imobiHalei, Tb* aobrditde oinEbiMi w£ 

"a.'i.fer.SMK.''"""- 

uuiuiuf bondeadiLorof in iUV<>ii»* >-«b 
irmaicfOBtrTti. (ThleRactkn 
irtth the (Out of olber acMa.) 
it nppt OBij If elM ' ■— ■— 




Sionoif III. 

OF THEIR SALTS, BY OELOSIDS OF BARWM. 
CHLORIC ACID, WITBOUT DECOMPOSITION. 

OXAUG AOID (H,C,Ot). KTDKOFZiUOKIC AOXD (HF). 

- ■ - • • - --— Flaoride of Potaadum. 



(NHj)/V>," + »B«Cl - 

white 

■id. in hydrochlono md 



...Ba/;,0. 
;. by hydrate 



KF + B.C1 

White B»F 

•oL in hydroohloria Mid, nippL by hydnte of 



(NH,),C/), + iC.Cl ■■ 

whiter 

•oL io hydrocUorio tc 



KF + CoCl 

white"=fl<«»''«p"'- (*^ 

■oL ^MrtDgly ID hydrochlono add, nppt. by 
bvdnto of unmonium. 



Calciimi EtelU. 



(NH4)/!,0, + »AgN0,= 

White AgAO. 

•c4. io mtria aod, mud bydnta of h 



t. H^t + oxal*t«. 

Effenescence. 

(evolntion cJ carbonio oxids and anhydrids.) 
H^/), + H^O, = H^. . H,0 + OO + CO, 
No bla^vniHg of Ou eamfuvmiiy. 
Tert. Ignite the eyolved gaMi ; 

corionu: oxidt bitnu vi(& litiejtame. 
iL H^,+Ud,0, 4- an oxalate. 

Effenescence. 

(erolntion of carbonic anhydridt only.) 



H^Oi + Snoride. 

Dense fumes, (in "«»•* '•^■) 

iKF + H,80,=jHF + K^O, 

Tsta. (a) PMngtiU odour. 

(6) Corromt aetim on gtmy. 

iL HjBO, + S»iid (8i,0,) + fluoride (the pio- 
ducto being conveyed into w»t«ra). 

Deposit of silica. (g«intinou» ppt.) 

3SiF, + iH,0 = HSiO, + H.Si,Fr 
Tst Add chloride of barium to GUnta from 



(BaHCiOt) : Uw iif Ikim wttli lolnBti an ttx mi 
p la dllnto Blatbnu the ppL appon dbIt anar 101 



y Thli nactlan Li chanctnliUe, ilDca msatcoiiipl 
add radleala IfaRnraiiU* aiapUd) bUcksD ai « 
aa rWd taiboBlc oilda. 




1JU ud ait« tt oS-nniUallaa Uie BlUala 
lcadd.aiHl*dddilB(U<arcaldimi.* 
lUfalnt pronot* of bTdnflnorta add da. 

J Ui«rawrk!2^aaDttyD(II(U)ii»(ordU- 

Cn. Tbelli»lydl¥ldBdaoortde<li<«Wta^acadla 

.... cniElbli, wnceDtralsd mlphnite add 

, J, and tb« whole oowad with ■ daai 

«mM wKh wai thiDOgli which a fljrin hM bra 
vntched. Tba wax DiaT afUnratdt be nnimtd tf 
tan^tii^i. wbea the <t(4>lne kUJ be plalnl; vUbl>~ 
HrdreBuortc Add U Bmt fponed, sod tbli nacta upon 
tbe SUla of ttaa kUb. (S«> Bjxlroflno-iilidc Aiad. p. 

^ Thla opwlnnnl may Iw peifomied In a t«t-lnb» 
IMnliitoed with a tort and hmt tab* th» laKard 
lata maictuT, anend atlti a invc of water 
wpantDi moit bawiftettrdiTforDbTloMreaaoja. 
^■dsKct mr Bnali quanStin of hrdnlhiaric add. 
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GROXJP I. 

ACIDS, WHICH ABE PBECIPITATED FROM ALKALINE OR NEUTRAL 

ACID SOLUTIONS OF THEIR SALTS 



CHROMIC ACID (HCiO,)«. 8X7U*linROU8 ACID (H^O,). 

Cfaromftte of PotMsium. Sulphite of Ammonium. 



I. 

Chloride of 
Barium. 


KCrO,+BaCl = 

pale yellow B»CrO, 

Bol. in hydrochloric and nitric add, reppt. 

from solution in the former by hydrate 

of ammonium, 
insol. in water. 


(NH4),S0, + iBaCl = 

white Ba.80, 

sol. in hydrochloric add a, not reppt. by hy- 
drate of anmionium if boiled to expel the 
sulphurous add. 


IT. 

Nitrate of 
BUver. 


KCrO,+AgNO, 

crimson (ciystalline) AgCrO, 

■oL in nitric add and hydrate of ammonium. 


(NH4),S0,+ iAgN0,= 

white (granular) Ag^O, 

becomes dark grey when boiled/3, 
sol. in hydrate of ammonium. 


IIL 

Acetate of 
Lead. 


KCrOi+PbC,H,0, = 

yellow PbCrOt 

insol. in water and chloride of ammonium. 
9oL in nitric acid and hydrate of potaednm. 


(NH J^0,+ iPbC,H,0,« 

white Pb^a 

insoL in water. 


IV. 


i. Acid idution (HQ) of a chromate. 
4KCrO,+ loHCl+sHaS « 9Cr^CU4- 

white-yellowa. 3S (ppt). 

4KCrO, + 5H;3 = 3S (ppt ) + 

green/3 iCr«H.Ot 


5HaS0,7+5H;3 =HA0,+ 

white-vellow ^ 5S (ppt,) 


Hydrosulphu- 

rlc Add OkM. 

paised through 

a solution. 




Hydrochloric 
Add. 


The reaction is similar to that exhibited by 
sulphuric add and a ohromate. Chlorine 
is eyolyed. 


(NH J^O, + iHCl = SO, + H,0 + aNH4Cl 
no preeipUtUum ofttUphuri, 


Zinc and 

Hydrochloric 

Acid. 




Evolntion of H,8 gas. 

Test Contact with paper moistened with 
acetate of lead ; 
paper i$ blaehened. 




Heated with 
Conc^ H,804. 


. Evolntion of Oxygenr 

Test Apply a piece of kindled wood to escap- 
ing gas; 
hurttt tnto/ame. 


Effervescence. 

(evolution of sulphurous anhydride.) 
Test. Odour of burmng sulphur. 




m. The aeiquichloride of chromium hM a gre«n colour : 
this together with the pale yellow ppt of sulphur is 
eheracteristic of chromic salts, aod oetvajs their pre- 
sence in the systematic conise of analysLi for bases. 

/S In this case a green ppt of chranic hydrate aoo(Mn- 
panics the sulphur ppt. 

y K«Cr407+ 4111664 « K^04 + (Cn)f(804)a 
bichromate +4Ha0-i-0i 

• The hydrogen salt has not been Isolated. The ao- 
hydride <Ci^O^ i« obtained in the foim of dark erim- 
•on cvyttalBp from an aqueoDf aolntton of Ghromio add. 


m It this hydrochloric add sohition Is boUed with ni- 
tric add, the sulphite is converted into sulphate ; this 
betngan insoluble salt Is prsdpitated. 

add and metallic silver. 

Y This deoompodtion onlj oceors tn the case of free 
suphorous add. If the experiment is peifoimed with 
a sulphite, the latter must be prevtoasly treated with 
hydiochloiic add, as in the next reaction. 

a This reaction with hydrodiloilc add. mOonl m«- 
dpttoNon Qftuljihiurt affords a means of «ii«fe«»|ptui«««g 
■mphuroua from hypoanlphuroos add. 
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Seotion it. 

solutions of twelr salts* by chloride op barium. 

DEOOMPOSBD BT HTDROaULPHURIO ACID. 
HTPOSXTU^HUKOUB ACID(HAO,). 

Hyposulphite of Sodium. 



ZODZO ACID (HID,). 

lodate of 



Naa8|Oa + 2BaCl a 

wJiite B^SaOa 

Bol. in hydrochloric add a. 
sol in boiling water. 



NaAOs+iAgNO, ^ 

white AgAOt 

beoomee yellow, red, and finally black/3. 
■oL in ezceM of hyposulphite of sodium. 



KIO,+Baa 

white (granular) BalOg 

soL in nitric add. 
soL sparingly in water. 



L 

Barium Salt. 



NaAO,+iPbC,H,0,= 

white (becomes black when cool) 7. . . FbaSfO, 

soL in alkaline hyposulphites. 



This add is introduced as a member of Seo- 
tion I. because since in practice the 
members of this section are detected in 
testing for bases, and the addition of 
hydroeulphurio add is preceded by hy- 
drochloric add, the mere addition of 
the latter is suffident to decompose the 
solution of a hyposulphite with separation 
of sulphur. 



KIO.+AgNO, 

white AglOt 

sol. in hydrate of ammonium, 
sol. spanngly in nitric add. 



KIO,+PbCAO. s 

white I^blO, 

soL sparingly in water and nitric add. 



n. 

Argentic Salt. 



ni. 

Plumbic Salt. 



Ka^g0.4-9Ha 

white-yellow 9. 



=so,+ 



S (ppt) 



Beaction the same as in the case of sul- 
phurous add. 



aKIO,+ sHgS = H^O* + 

white yellowa ^s (ppt) 



IV. 

Decompontions. 



Evolntion of snlpharoiiB anhydride. 



• Kitrle add eonTwti the ppt. into mltklaate, which 
Isiiudabltt. 

B The change in colour resolta firom deoomposltlon 
or the mlphite, and fonnatton of the black wJphide of 
silT«r. 

I Nitric add conTerta this pjpt Into aolphate. 
Hjpoaalplianma add la first wt firee, and raiddly 
deeompoaed Into lalphnnnu add and salphur. Hie 
SBlphnrooa add fortSar decompoMs Into water and 
giilp]initnuanh7dride,tli6preaenoe of the latter bdng 
* hr tU duffactedsUc odOBx; 



• The decompodtlon of iodic add brhydronilphuric 
add ii attended with en>hitk>n of nee iodine^ and 
Bahaaqusnt farmsMon of hydriodic add. 
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GROUP IL 

ACIDS, WHICH ABE PRECIPITATBD FROM SOLUTIONS 

THE PRECIPITATE SOLUBLE IS 

H7DROBBOMIO AOID 

(HBr). 
Bromide of Potaflnum. 



H7DROCHI.ORIC ACID 

(HCl). 
Chloride of Sodinm. 



I. 

Nitrate of 
Silver. 



II. 

Ferrous Sul- 
phate and 
F'erric Chlo- 
ride. 



NaCl+AgNO. 

white (ciirdy)o Aga 

Bol. in hydrate of ammoniam, reppt. by 

nitric acid. 
inBol. in dilute nitric add. 
fuBOB without decomposition on being heated. 



III. 

Sulphide of 
Ammonium. 



KBr+AgNO, 

white-yellow (cnrdy) AgBr 

BoL in hydrate of ammonimn, reppt. by niferio 

acid. 
inBol. in dilute nitric aoid. 
fuses without deoompoaition on being heated* 



IV. 

Treated with 

Oono<> Sul- 
phuric Acid, 
alone and 
with other 
reagents. 



u. 



Solid chloride + HsSOa/?. 
Fumes of HGl gas. (efferyescenoe.) 
3NaCl + H^04=2Ha+Na,804 

Solid chloride + BLSO4 + a chroniat67. 
•* d lOl 



Bed fumes, 

condensing to a hloodrtd liquid (ohloro-chro- 

mic add) 9. 
NaCl + HgS04 + KCrO,= KJ^aSO* + H,0 + 

red liquid ....CrOCl 

Tests, (a) Add hydrate (rf ammonium to liquid; 
colour becomes yellow. 
CiOCl+2NH4HOaNH4a rNH4.CrOa+H,0 
(6) Add slight excess of acetic add to 
the yellow solution: then nitrate 
of suver; 
crtflisoii jpjpf, 
ini4CiOg4-A«NbasAgGrOvrNH4irOa 



m. 



Solid chloride + HflS04 + Mng0s. 

Evolntion of chlorine gas. 

iNaOl + H.SO4 = aHa + NagS04 
and 
4HCI + Mn«Oa = CI, + iMnQ + «HgO. 
Tests. Odowr. Cohur. Bkaehee mviit vege- 
table coloun. 



a This put bsoomes liolet on ezporara to light *. 

fi The cUoiides of marcmy. lUver, leid ud Un n- 
■ut deoompoiiUon by salphiuic ad4. 

y (SpUd ehloridas in preaenoe of a nitrate, when 
heated with oonoentnted salphniie add, erolTe chlo- 
rine and nitrous fnmea) 

The chloride in this experiment shoold be perfeetlT 
dJT, as also the appuafena in which it is performed. 
The gM may be conducted from the teat tube in which 

Snerated, to another aoRoonded with water, to con- 
tuse It 

Chlpro-daomie add ia readily decomposed br water. 
a The fonnnla ia aomettmea written 
(MTls .CTfOa a S(CW)CD. 

• MMt ofthe adda of Ofonp I. are alao precipitated 
bj nitrate of diver, but the ailrer aaltaof Oioap I.aie 
aoffidently diatlnniahed from thoae of Group H. by 
the aolnbility of the fonnar in dilute nitric add. 



. Solid bromide + H,S04 a. 

Evolution of bromine vaponr/s. 

3KBr + H1SO4 = sHBr + £^047. 
and 

iHBr +H^4 =9Br+ H,SO.+ H^. 
Tests, (a) Pungeni odour, Rtd-brown eoUmr. 
(b) Contact with starch-paste cm a 
glass rod; 
^filow or orange coUmr, 

iL Solid bromide + HsSOa + a chromate. 

Evolution of bromine vaponr^. 

(condenses to red-brown liquid.) 
3EBr-fHsS04+KCrO,= 2HBr+KaSO4 

and [+K(M), 

iHBr + H.S04 = iBr -I- H..SOs + H.0 
Tests, (d) Add hydrate of ammonium to liquid; 
becomee eoUmrUie. 
(6) Add nitrate of silver to the oolour- 
less solution ; 
white ppt, 

iil SoUd bromide + H.SO4 + Mn.Ot. 

Evolution of bromine vapour. 

[the reaction is similar with hydroohlorio add.] 
Test^ as above, i. 



« With dilute anlphnile add, hydrobromSc acki ass 
iaerolTcd. 

fl Chlorine-water (not in exoeas) alao liberatea bro- 
mine when added to a eolation of a bromide. The bro- 
mine diasolyes in the water, rendering it yellow or 
onuura according to qoantiCy present If this solntion 
is agitated with some ether, the Utter diaaolyea out the 
bromine from the water, and on atandiag riaea with it 
to the aufiMe of the liquid, aa a red-brown layer. 
This layer, if decanted and agitated with hydrate of 
potaadum, la decoloriaed from formation of bromato 
of potaadum. On CTaporation and igniUoo the latter 
la conyerted into bromide of potaadum. (Thia reactkm 
will not diatinaniah between oromine and iodine.) 

y If anlphnnc add la added to a bromide, in the 
cold, this reaction only takea place: hydrobromie acid 
being liberated, heat oanaea the further decompodtioit 

< A o bromo-duomic add la known. 
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SscnoN L 

OF THEIB SALTS, BY NITRATE OF 8ILVSR. 
HYDRATE OF AMMONIUM. 

HTDROOTAXaO AOID 

(HOy). 
Cyanide of Potauiam. 



HTDBO-FEBBI-OTANIO ACID 

(H,Fe,Cy.=HaCfdy). 
Ferricyanide of Potasniun. 



KCy+AgNO, 
white (curdy) AgCy 

intol. in dUvU nitric add. 
d«oompoMd on i^ition with aeparation of 
metalHo Bilrer and cyanogen. 



KjCfdy+sAgNO, « 

orange Ag^Cfdy 

8oL in hydrate of ammoniion. 

insol. in nitric acid. 

decomposed by heat with aeparation of metal' 
lie silver. 



I. 

Argentic Salts. 



A fMxturt offerrcnu iulphaU and ferric chlo- 

fidea. 
6KCy+ FegS04=a(K,FeCy,) + KtS04 

and 
3(K^eCya) + aFe,a, = 
blue = pniMian blue. .... (Fe,).(FeCy,), 



KOy+Ha =HCy+KCn/!? 
and 
HCy +NH«HS+ S=NH4C3[S+HgS 
The sulphooyanide of ammonium is treated 

wiw ferric chloride. 
SNH^CyS+FejClg « 

blood-red solution Fe,(CyS), + 3NH4GI 



i* Solid cyanide + HgS04 7. 

Evolution of carbonic oxide. 

9KCN+3H.O) C (NH4);304 

aHj804 ) ** (jiC0 + K;S04 

gas 

Test. Ignite the ns ; 

frums with bluejlame, 

[With dUute sulphuric acid or hydrochloric 
acid, cyanides evolve hydrocyanic add 
sas (see above III) : much caution should 
be exercised in performing this experi- 
ment from the poisonous nature of the 
vapours. They bum with a blue flame.] 



• The addition of hydrate of pot&niuin miut pre- 
oode ttiat of the mixed talte of iron (since the reaction 
does not oocnr in presence of free hTdro<7anic add). 
And Binoe the alkali iteelf forma a dense ppt of fer- 
nma and ferric hydrate, which obscures the pmssian 
blue ppU, it is neoessair Airther to dissolve the nydrate 
ppt. in BCMne dilute hydrochloric acid. 

fi This experiment should be performed in the fol- 
lowing maimer— place the cyanide in a watch-glass; 
add a few drops of hrdrochloric acid : invert another 
wateh^dass over the first, the interior being moistened 
with Bolidiide of ammonium containing an excess of 
sulphur. After the snlphocyanide of ammonium is 
formed, evuMirate all remaining sulphide of ammo- 
nium from the upper watch-glass In a water-bath, then 
add the ferric duoride to the residue. 

Y To detect hydro<7anic add in CTanide of mercury 
neither this method nor the preceding one will apply. 
The mercury must first be predpitated as sulphiae by 
hydrosolphuilc add. 



iK,Cfdy+3Fe,S04 = 

bine aFe,Cfdy 

insoL in water and hydrochloric acid, 
the ferric salt is soluble a. 



II. 

Ferrous and Ferric 
Salts. 




III. 

Ferric Snlpho- 
cyanide. 



Ferricyanides behave like cyanides with con- 
centrated sulphuric acid and with dilute 
sulphuric or hydrodiloric acid. 



IV. 

Decomposition. 



a The solution of a ferriqranlde after adding ferric 
chloride assumes a green tini This coloration appears 
to depend on the invariabie presence in practice of a 
trace of a ferrous salt. 
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GEOUP n. 

ACIDS, WHICH AKE PBECIPITATED FROM SOLUTIONB 

THK PKECIPITATB INSOLUBLE 



HYDBIOOXC ACID 

(HI). 
Iodide of Potassium. 



HTDROSXTU^iroSIC AOID 

(H.S). 
Sulphide of ATwrnnmiiim. 



I. 

Nitrate of 
Silver. 



11. 

Acetate of 
Lead. 



ni. 

Cuprous 
SiUphate. 



KI+AgNOs 

pale-yellow (crystalline) a Agl 

iusol. in hydrate of ammonium j3. 
insol. in dilute nitric acid 7. 



KI + PbC,H,0, 

orange (crystalline) Phi 

sol. in Soiling water, and in chloride of ammo- 
nium, 
insol. in hydrate of ammoniuip. 



white-brown «Cusl 

decomposed hy nitric or sulphuric add with 
evolution of free iodine. 



(NH^,S+2AgN0, = 

black Ag^ 

insoL in hydrate of aomionittm, and cold di- 
lute nitric acid. 

sol. in boiling nitric acid, with separatioa of 
sulphur. 



(NH4)8S + aPbC^,0,= 
black a. 



.Pb.S 



insol. in cold water and dilute adds. 



[(NHJ,S+aC«,Cl/3 = (Ca,)iiS+aNH4a] 

black 



IV. 

Cupric 
Sulphate. 

V. 

Ferrous 
Sulphate. 



VI. 

Ferric 
Chloride. 



VII. 

Heated with 

Concentrated 

Sulphuric 

Acid. 



Heated with 
Concentrated 

Nitric 

Acid. 



SoUd iodide + H^04 

Evolution of iodine vaponr. 

(condenses, if much io<Une^ to black oiyBtals.) 

iKI + H^O^ = «I + K,S04* 

Test. Contact with stardi paste on a glass 
rod ; 
iht tUtrck hecomet hlve^. 



[(NH4),S+Cu,S04 = Cu,S+(NH4)^4] 

black 



[(NH4),S+Fe,S04 * = Fe,S + (NH4).S0 J 

black 



[3(NH4)fS+«FeiCa, = (Fe^^-^ 6KEUCi] 

black 



(See note e.) 



« The ppi. becomes dark on ezpoeore to light 

fi Addiuon of hTdnte oi ammonhim deooloiises 
the aolation. 

Y Conc^ nitric add decompOMS the ppt with sepa- 
ration of tree iodine. 

6 The caproos salt is genenlhr formed for this pur- 
poae bj aoding fenoas sulphate to cnpric snlphale, 
thnvK^OiSO* + 2FeaSO^= (CurfjSO* +(Pe«)«<S04H- 

« CUorine reacts with iodides as with bromides (see 
p. SOX The colour of the ether aohition is Tiolet or 
red-brown. The iodine maj be oouTerted into iodide 
of potessinm, and tested by nitrate of salTer. 

Many other oomponnds decompose iodides^ with 
erolntton of free bwline. e.K; bromine, nitric add. 
nitrous add, hydrochloric aad, sulphuric add, and 
peroxide of manganeae. Aooorung as the iodine is tn 
excess or less in. quantity, so is it prec^tated in the 
fonn of blade ciTMals, or given off as violet rmnn. 

( If mnch iodme Is present the eoloor is black. 

e The Intennediate reacUon. with HI and HtSOi oc- 
ean hereb as in the case of HBr. BRMalne (p. 50). 



Sulphide + H«S04 or HGI7. 

Evolution of H,8 gas 9. 

(NH4)tS + HsS04 = H^ -I- (KH4);S04 
Test. Cootact with paper moist^ed with 
aoetate of lead; 
the paper i$ hlacbated. (Pb^ 
Otiour. 



Solid sulphide+HNO.e. 

Separation of snlphnr, 

with fonnaticMi of sulphuric acid. 
9Fe^+ ioHN0,=3Fe^0s)sr+4H.0+ 



a This reaetkm is rvf fharartMistic; a pleoe of 
paper moistened with a soluble salt of lead Restate) 
mmnifesta it in presence of hydrosulphuric add sua* 
pended in the gaseous ftnm tn the air. 

§ This salt ma^ be formed by adding staanoos 



chloride to a sdutaon of cupric chlnridf, or by boiling 

I an add solution or cupric 

Many snlrihkjtfa are deeomposed 



metallic copper with 
chloride. 

phnric w_h^ibodiloric 



add, e.g. 



\fr dOmte sal- 
solpiildes of the 



alkalies, alkBJine earths, Iron, manpuieae and sine 
Others, as sulphides of eobalth nicks], antimnqr, lead, 
reguire oonoentrsted add. 

a Some snlphidfai, e.g. oopoer, lead, do not 9w6tn 
this gas wiien tiiaUd with sulphuric or hydxoohkulo 
add. 



action of cone* nitric add. It on]yyidds to the action 
of aoua-rKia. 
COeneiaUr, the aetkm of nitrfc add upon 

posable sulphides, b to form the most highly « 

combinstkm of whidi the metal of the sa^hlds 

msoeptible; thos, sulphide of 

sa]pliMBoftin,biMHddB. 
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Section ii. 

OP THEIR SALTS* BY NITRATE OF SILVER. 
IN HYDRATE OF AMMONIUM. 

HTDR0-FEBB0-07ANIC ACID 

(H,FeCy,=H,Cfy). 
FerrooyaDide of Potasnum. 



lbxtu^ho-cyanic acid 

{HCNS=HCfly)a. 

Sulphocyanide of PotassiunL 



KrFoCy.+ aAgNO, = 

white Ag,F«Cy, 

insol. in hydrate of ammonium, 
insol. in duute nitric acid, 
deoompoeed by heat* with separation of me- 
tallic silver. 



K^FeCy. + iPbCHaO. = 

white PbiFeCy. 

■oL in chloride of ammonimn. 

inflol in water and hydrate of ammonium. 
[K^eqy,+«Ou,Cl = (Cu,),FePyg+ aKQ] 

white a 



KCNS + AgNO, 

white AgCNS 

insoL in hydrate of ammonium, 
insol. in dilute nitric acid, 
decomposed by heat, with separation of me- 
tailic silver. 



KCNS+PbC,HaO, = 

pale-yellow PbCNS 

(separating slowly) /3 
decomposed by water. 



KgFeCy.+Ch^SO^ = 

red-brown CujFeCy, 

insol. in acidB, water, and salts of ammonium. 



4K^«Cy, + 3Fe,S04 = 

white (rapidly becomes blue)..3[KFek(FeGy3) J 

nearly insol. in water. 

nitric add converts it into prumem, hlit€. 



3K.FeCy.+2FegC]. = 

bllie=pi^ifl>uui blue....(Fe,)g(FeCya)a 
insol. in water. 
aoL in nitric add. 



[KCNS+Cu,Cl 



CujCNS+KCI] 

wliite 



I. 

Argentic Salts. 



II. 

Plumbic Salts. 



III. 

Cuprous Salts. 



Forms with difficulty 7. 



IV. 

Gupric Salts. 



Soluble, 

blood-red colour of solution characteristic, 
(see Hydrocyanic Add, p. 51.) 



Solid fenocyanide/3+H^04 

Evolution of carbonic oxide?. 

iK^FeCy, + 6HgO ) j 6C0 + 3(NH4),S04 

6H,S04 ) I aK^SO^ -h Fe^SO^ 

Test. Blue pane when iffnUed, 



a The ppt. rapidly becomes brown, being converted 
into a capric salt. 

fi FerToqranlde of sodimn also reacts ta this maimer. 

y With dilute sulphuric add. hydrocTanic add is 
evolved from alkaline ferrocyanides, recognised by its 
odour. The deoompoaitioiia are not to be relied upon 
for detecting this add radicaL The reactions of its 
solutions with fexTous and ferric salts are chiefly em- 
plo/ed to distinsnish it 

Northoote and Church give the following Interesting 
decomp(Mition: — ^Bcil a ferrocyanide (not alkaline) 
with hydrates or carbonates of potassium or sodium — 
fenoqranide of potassium or sodium is ^us formed— 
fUter— evaporate the solution to %lzvness— ignite — a 
ftised mass la obtained— in that portion of the mass 
aoktble in water an alkaline cwuUde will be found if 
tested for (see Hydrocyanic Acid, p. 61): in that portion 
intohibk in water, after washing and dissolving in hot 
hydrochloric or nitric add, iron may be tested for*. 

* JfofNial <tf QiMNtoMM C%emiea< AwOuf^ p. 845. 



Solid sulphocyanide + HgSOi. 

Evolution of carbonic oxide, 

with separation of sulphur. 
«KCNS + «H,o5 j 1CO+1S 

aH^SO^ ) " (K,S0^+(NH^)^0, 



Tellow ppt 

(composition of the ppt. uncertain 8.) 



V. 

Ferrous Salts. 



VI. 
Ferric Salts. 



a This add is found In the saliva. 

fi C!onvert«d Iqr hot nitric add into plumbic sul- 
phate. 

y It may be produced in a concentrated solution of 
Bulphot^uiide of potassium, by adding sulphuric add, 
and then a saturated solution of cuprlc sulphate. The 
T^. is blade, the formula is CuCINS. 

A Chlorine gas passed into the solution of a sulpho- 
cyanide produces a similar ppt. 



VII. 
Decompositions. 
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GEOUP III. 



ACIDS, WHICH ABE NOT PRECIPITATED FROM SOLUTIONS OF THEIB SALTS, BY CHLORIDE 

OF BARIUM OR NITRATE OP SILVER. 



NTTRIO ACID (HyO,). 

Nitrate of Potassium. 



OHI.ORIO AOID (HaO^o. 

Chlorate of Potassium. 



I. 

FerrouB 
Sulphate. 



Sulpindl- 
gotic Acid. 



^KNO.) 

+ S + IOFCjSO^/S: 

4H,S0j 

brown compound-. <• 



.4Fe^S04.NaO, 



KNOs+ HaSO^+Bolpindigotic acid^ 

Colour becomes yellow. 



IIL 

Oonc^ 

Sulphuric 

Acid. 



I^drochlo- 
ric Acid. 



IV. 

Snlphuitnu 
Acid. 



KCIO. + H^O^ + siilpindigotic ackt 

Colour becomes yellow. 



i. Solid nitrate + H,S04 + metallic copper. 

Evolution of red ftimesd. 

1KNO3 + 6Cul _ f K^4 + sCu^SO* + 4H,0 + 
+4HaS04 )~l N,Og (nitric oxide) 

and 
NgOa + Og = NgO* (peroxide). 



iL Solid nitrate +HCL 

Evolution of red ftimes and chlorine c. 

iKNO,+ 4Ha=A;o4+ ej;+ «Kci+ «h,o 

Test BUiuAing power of chlorine. 



a All idtimtes are acteble in water, therefoM tliej 
are not predpiUled by roagenta 

B If a oTsUl of teroaa u n lph a W Is dnniiwd Into the 
■ sohitioD 01 nitrate and add, a brown rinc fonns round 
! the OTsSaL Or the orstal maj be dissolTed (vithoat 
I heat) m the sotatkn of nitrate, and the add carefnUj 
< ad^ied. wh«i a teown ■tratain wiH appear at the jnac- 
( turn of the two liquids. 
I y A few drops onlr of snhitiwi of tndjgo ihenld be 



< Nitzie oxide is trst fforaMd. bnt beoooMa oxidised 
I bj ex^osore to air, is conf eite d into pwoxida» and ap- 
pears in the form of red ftimes. 

€ The solTott powers of nttro-hrdrodilorie add 
(aqns re^ia) depend on the readjr deromporition of 
' nitric actd br n jdrodiloric add, and ilmnltswffiooB 
, erolation of free dilorine 

chkHiae exerts a povaftalbr satweat 
than thrt of Bitrie or hydrodilane add 



L Solid chUnate+HsSOi (not heated). 

Evolution of green-yellow gBs/fi. 

(hypochloiic anhydride.) 

sKaOs \_(C7,04+Ka04+ 

+ 2H;S0J ~t«KHS04+ H.07. 



ii Solid chlonta+HCl (not heated). 

Evolution of yellow gas. 

(eochlorined.) 
4KCi0.+ i3Ha=(9C7-l- 3CTOs)+4KCl+6H/) 
Teats. Odomr. Explodee in eoniael with JUime. 



iiL KClOts+an^nrooaadd. 

(Hilorate is decomposed. 

Test Add nitrate of rilTer; 
wAiteppLe, 
intoluiie ia nitric acid^. 



m All dilontes are soteble in water, 
csnnot be identified bv the formation of 

fi XheapDlicatftoaorheat»iBpeifanning 
msBt. 8ho«ijd be aroided. and amall qnanfittfs 
of duorste need, siaee the explositm whidi ati 
the decomposition at a hi^ tempenUare is liable to 
be dangerous; withoat heat, a sl^bt ciacfcli 
during the decomposition, the suntioB at 
time bwtwninic intens^ TeDow. 

exhfldtthei 



II. 



in. 

DecbmpO' 
sitions. 



IV. 




CUorates do not exhibit the readkm with saelame 
c(^>pcr whidi is obserred in the ease of nitrstea. 

y ThisistheduefinsolnhlesaltofthepeRfalaKie 
radieaL Ftodiloratcs are soAdcntlr distt n gaished 
fWxn ddorates by deoompodng with mflioBltT and not 
safferina d eo ump os i thm tj snIphBroaa add. (See 
above IT. aad note C) 

IThia «M cxphMka Tioleatlr wiMa heated. 

« The ppt. is a aaixBd sngihite aad dilorida of 



^Thappl pte da ee d by ailr a te of silver te a 
tioa of a 



nitric 
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ORGANIC ACIDS. 



GROUP I. 



ACIBS^ WmCH ARE PBBOIPITATED FROM SOLUTIONS OF THEIB 8ALTS» BY 

OHLORIDB OF CALCIUM. 

TARTABZO AOID (H,C«H,0,). 

Tartrate of Sodium. 



OXTBIO ACID (H.OeH,0,). 

Citrate of Sodium. 



Chloride of 
Calcium. 



II. 

Hydrate of 
Calcium. 



III. 

Chloride of 
Barium. 



IV. 

Nitrate of 
Silver. 



V. 

The solid 

salty heated 

with Conc^ 

H.8O4. 



NaaC^H^Oe+iCaa » 

white (ci7Btalliiie)a Qt^C^Eifi^ 

aoL in hydrate of potainnm, reppt. on boil- 

ing/J. 
80L in aoetio add. 



T^Kfi^fi^ + aCaHO » 

white (flocculent, then ci7atal]]ne)..CagC4H4O0 

sdL in tartario acid and chloride of ammo- 
nium, ■qparatmg again after some time 
in the crystaUine form. 



Na,C,H,0y+3Caa » 

white (cryBtaUine)o. QvkfiJELfi^ 

insoL in hydrate of potaaaium. 

sol. in aoetio acid. 



I. 

Calcium Salts. 



No ppt. in eold solntiona ; 
a ppt. forma m boiling solutions, dissolving 
when cold. 



NaaC4H40«+aBaCl = 
white BaiC^H^O^ 

soL in salts of ammonium (except the hydrate). 
soL in hydrochloric acid. 



Na,C4H40« + 3 AgNO, = 

white (crystaUme).... Ag.CAO, 

BoL in hydrate of ammonium 7 and in adds, 
insol. in water. 



Na.CA07+3Bi^ =» 

white BagC^aO, 

BoL in salts of ammonium. 

BoL in acids and in much water. 



Blackening 

(separation of carbon) 
and 

evolution of carbonic oxide 9. 



aPreMnee of nlta of ammoniam prevmU pradpi- 
tation; firee ammonia promoter 11 If hrmmto of 
ammoniun li added to a miaU quaiitlty of tartxate 
of caldum, and a anall erntal of mtiato of dlTer then 
added, on cantlonsly heaflng the aides of the teit-tabe 
beeome coated with metallic lihrer. 

fi Tartrate of caldum, after being re-pvedidtated 
from the boiUng solotlon in hydrate or potaailam, 
again re-dlMolvea on cooling. 

y On boiUns, this aohitlon becomea black, from the 
rednctton of aUTer to the metallic atate. 

i Snlphnrona and carbonic aohTdridea are rimnl- 
taneooab' eTolved. An odour of burnt angar la appa- 
rent on heating. 



Na,C^,07+3AgNO,= 

white (flooculent) Ag^C«H«0, 

sol. in hTdrate of ammonium/3 and in nitric 

acid. 
BoL in boiling water. 



II. 

Calcium Salts. 



III. 
Barium Salts. 



Blackening 

cnif <m proUmged haiUngf 
and 

evolntion of carbonic oxide 7. 



on boil- 
than In 



a In dihite aolatlona, the ppt only appeara 
Inff, citrate of caldom being leaa aolnble In hot 
cold water. 

No ppt la prodnoed with dtrle add Itaelf : tUa 
moat therefore be neutraUaed by aalta of potaaaiam 
oraodium. 

Preaenoe of aalta of ammonium prevetUt predpita- 
tion : tree ammonia promotea it 

fi No blackening occnra on boiling. 

y Solphoroaa and carbonic anfivdrldea are alao 
eTolved. Acetic add is alao one of the producta of 
deoompodtion. 



IV. 

Aigentic 
Salts. 



V. 

Decompo- 
sitions. 
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ORGANIC 



GROUP 

ACIDS, WHICH ARE PRECIPITATED FROM NEUTRAL 
BVOCZXnC ACID (H.C4H,04). BENZOIC ACID (HC,H.OJ. 

Succinate of Ammonium. Benzoate of Ammonium. 



I. 

Ferric 
Chloride. 


3(NHJ,C,H,04+ iFe,Cl,= 

red-browna - (Fe,),(C,H,o,),? 

sol. in hot acetic or fluccinic acid/3 and in 

mineral acidB. 
decomposed by hydrate of ammonium. 


3(NH,.C,H,0J+Fe.Cl,= 

bnffa Fe,(C,H,0^! 

sol. in most adds. 

decomposed by hydrate of ammonium. 


n. 

Nitrate of 
Silver. 


(WH4)AH404+ aAgNO,= 

white Ag,C,H,0, 

sol. in hydrate of ammonium and nitric acid. 
8oL sparingly in water. 


NH^.CyHA + AgNO.rs 
white AgCyHjO, 

sol. in hydrate of ammonium and nitric add. 
soL in boiling water. 


in. 

Acetate of 
Lead. 


(NEy AHA + «PbC,H30, = 

White PbAHA 

soL in nitric acid. 
maoL in alcohol. 


NH4.CyH50, + PbC,H,0,= 
white (after some iime)/3.....PbC7HftO. 


IV. 

Chloride of 
Barium, 


white Ba,C4H40« 

if alcohol ii previoudy added to the tolutiony. 


soluble, eren in aloohoL 


V. 

The solid salt 
heated with 
Oonc^ H.80,. 


Volatile, 

without decomposition. 

No blackening. 


Volatile, 

without decomposition. 

No blackening. 


Solution heat- 






ed with KHO. 






VL 

Solution of 
Oelatine. 












a The composition of thli ppi is Tsriabla 
fi Hence in a solution containing an excess of add, 
fenic chloride prodaoes no ppi 
y If the iolution to be trated oonrists of free snc- 


a The whole of the iron Ib precipitated if ammo^ 
ninm is present as above. Hence benioate of ammo- 
ninm is employed to aeparste ferrons and ferric salts 
ftom a Bolotion in which both are present The iron 
may then be removed from the precipitate t^ hydro- 
chloric acid, learing bensoic adiTimdiinolTBd. Or the 
latter may be removed by hydrate of ammoniam, 
leavU^ the iron as ferric hydrate, 

B If benioic add la combined with potassimn or 
iodimn instead of ammonimn, a white noccalent ppt 
is thrown down. Hm ppt farmed above is toj alight 
even after the lapse of some time. 



61 



ACIDS. 



n. 

SOLUTIONS OF THEIB SALTS, BT PBRRIO OBLORIDE. 



OALUO ACm (H,0,H.OJ. 
Gallic Add. 



TANNIC ACm (H.C„H,.0„). 

Tannio Add. 



HgCyHjOj+FejCa, = 

blnisli-Uack solntiona Fe.CLHsO« 


HaC„H,jO +Fe,a, = 

bluish-black »- - r t . t . t .-'v»x^„^yS^„ 


L 

Ferric Salts. 








H,C„H,,Ox7+5AgNO,= 

red-brown Ag,c,yHi,Oi, 


n. 




Argentic Salts. 


HaC7H,0,+ aPbC^,0.= 

White/8 Pb,HC,H,0, 

■ol. in o(mc4. aoetio acid. 


white Pb,CWHwO,7» 


Ul. 
Plumbic Salts. 


H,G7H,0«+Baa » 

White BaH,0,H,0, 

■oL Bparizigly in water. 


H,C^H„0,7+3BaCI» 

white Ba»O^H„Oiy 

insoluble in water. 


IV. 

BarimnSaUs. 


Blackening. 

(separation of carbon.) 


Dark purple liquid. 


V. 

Daoompositions. 


Brown coloration. 

WMMdiaidyy. 


Brown colorationA 






White viscous ppt 7. 


VI. 




FMcipitation of 
Gelatine. 


« On boQisff, the licinid deodorlzeg with fomuition 
of a ferroiu salt and etcape of carbonic anbydridei 

fi Thii opt alao contains some water of crTstaUl- 
Mtion. If the acetate of lead is in exoeae the gallic 
add Is completely precipitated. 

y From rapid oxidation and formation of a brown 
cOMOxing maner, the oolour first appears yellow. 


a This oonstltates the colooring matter of ink. 

fl Oxidation is not so rapid as in the case of gallic 
acid, hence the coloration is not so immediate. 

y This reaction is characteristic of tannio add. 
Upon it is based the use of bark (which oontalns 





L 
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ORGANIC ACIDS. 



GROUP III. 

ACIDS, WmCH ARE NOT PRECIPITATED FROM THEIR SOLUTIONS, BY CHLORIDE OP 

CALCIUM OR FERRIC CHLORIDE 

ACEnO ACID (HCAO.). URIC ACID (H,C,NAO,> 

Acetate of Potauwrinm. Uric 



L KC^jO, + AgNQ. = 

Nitrate of white (cryrtalline) AgCjH.O, 

SilTer* "^^ ^ hydrate of ammonimiL. 

■oL in boiling water, reppt. on oooUng. 



White ppt 

(beoomet Uodk, if heated.) 



IL . 5KCA0,+Fe,Cl, = 

Ferric ! r^-hrown solution «--..-Fe.(CAOs^s 

Cllloride* ^^ boiling, the iron ie predpiUUtd ae basic 
i ferric acetate/3. 



nL 

The lolid 
salt heated 
withCoiur> 



H^4 + acetate -f alcohol ' 

Aromatic odourr 



Brown Sdlvtioii. 

(Water icpredpitafces vie acid.) 



IV. I 

I 

hydrate of! 
Ammonimn.' 



« Addition of liTdrocliloric add to a lofaitioii wtikli 
apnean red from preaenoe offenic aoeUte, reoden it 
TeOov. TUs reaction aerTea to HiatingiitA betvoen 
Usmc aeeUte and CBrric fQ]phoc7aoide taee p. 59. 

^ On boiling tlw aofaition hfi r mnw colointeaiL 

y Tbe odour ia dae to tha foniatloii of acetic alfaer. 
Tlina 



Solid uric add AaBolred in nitric add; 

■olotion ev a fK i r atad to 
hydrate of ammooinm added in 

Prnplfl colonr«k 



Thia 

Iked** 

Hie uric 



I. 

Argentic 
SaltL 



n. 

Feme Salt. 



tku of red 
addattba 



fa dae to Ito CooMtton or a body 
tkeaUorbeai»tka 



ii^Hilvad 
atfeadadvith 
Tbia 



nL 

oomp 
tion. 



IV. 



PART m. 



SYSTEMATIC COURSE OP ANALYSIS 



FOR 



BASIC RADICALS. 
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ANALYSIS OF A SALT OR MIXTURE OF SALTS FOR BASIC RADICALS. 



The Course of Analysia is diyided into three stages, or series of processes. 

I. The preliminary examination. (The substance under analysis being in the solid form.) 

The general plan of procedure is detailed on pages 62 and 63. The experiments should be per- 
formed in the order in which they are placed. The beginner is cautioned against allowing the 
results of his experiments to determine him in selecting subsequent experiments, ag. If he fancies 
he has obtained the dark-green residue, due to cobalt, as in Exp. ii. p. 62, he should not at anee 
proceed to seek for more confirmatory evidence of the presence of cobalt by fusing the substance 
with borax on platinum wire. 

By carefully performing each of the five experiments (the sixth is more special) in order, every 
time a preliminary examination is undertaken, the student will obtain what is of greater moment to 
him than the mere detection of a radical, accuracy in observing and fisicility in manipulating. 

The results of this examination are to be carefully noted, but in no case must the results be 
allowed to influence the subsequent method of analysis in the wet way. Inferences from an inspec- 
tion of the physical properties of a substance should also be carefully avoided by the beginner. 

II. The process of solution : see pages 20 and 21. 

It is useful for the purposes of analysis to classify substances according to their deportment with 
solvents, thus — 

Ist Class — soluble in water. 

2nd ... insoluble in water, but soluble in acids. 

drd ... insoluble in water or acids. 

The methods of analysis as detailed in the following pages are framed for the first class, but 
such modifications as may be required in the case of bodies which belong to the second class, are 
readily introduced. A s^arate scheme for the analysis of substances insoluble in water or acids is 
appended to the Fourth Part. 

In endeavouring to effect the solution of a body which is insoluble in water, in hydrochloric ctcid, 
certain reactions may occur which the analyst should carefully observe. (See p. 64.) 

[If orgcmic maUer is present in the substance under analysis (recognized by the charring in the 
preliminary examination) it should be removed, since otherwise it would interfere with the detec- 
tion of certain basic radicals. This may generally be effected, if no volatile metal is present^ by 
igniting the substance, to carbonize the organic matter. If the residue is soluble it may be removed 
from the carbonaceous mass by filtration. If a volatile metal is present, organic matter may be 
destroyed by means of such oxidising agents as nitric acid and chlorate of potassium.] 

In cases where only partial solution is' effected by a solvent, the solution should be separated 
from the residue and examined in order to ascertain the nature of that which has been dissolved. 
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III. The application of reagents to the solution. 

As before stated (Introduc^on) reagents are gen/eral or tpecialy according to the purposes they 
serve in the course of analysis. 

The results of the application of genercd reagents to a solution are tabulated on pages 64 and 65. 
The Table furnishes the analyst with a comprehensiye view of reactions which may occur under 
different circumstances, in using these reagents, and indicates the contingencies for which he must 
provide. 

In the Methods of Analysis for the several groups (which apply to the detection of more than 
one basic radical in a solution) almost eveiy contingency which would be likely to arise in the course 
of analysis has been considered; hence, some complexity has resulted. A summary has been introduced 
on pages 66 and 67, by means of which the several steps may be traced. The student should 
thoroughly apprehend the rationale of each process, as detailed in the centre of each page, before 
attempting to perform the manipulations in the right-hand marginal columns. 

The following are rules of essential importance in reference to the analytical course. 

Economy of time should be aimed at. During the evaporation of a filtrate, a precipitate may 
be examined. Many operations may be carried on simultaneously. On the other hand, haste and 
attempts to invent short roads will invariably preclude success. 

Economy in the uee of material is essential. This is especially the case where only a limited 
quantity of the substance to be analyzed is at the disposal of the operator. Ileagents should inva- 
riably be used sparingly, unless the contrary is distinctly enjoined, and applied cautiously, even, 
by drops, otherwise valuable results may be obscured. 

Frecipitation shovld he complete. To ensure this, small quantities of any reagent should be added 
graduaUyy and the precipitate allowed to subside between each addition; tlus should be repeated 
until no further precipitate is produced in the clear supernatant liquid. 

The washing of predpitaies should he thoroughly performed. Beginners often neglect this precaution, 
and hence they involve themselves in endless complexities. It is evidently of fundamental importance 
that a predpitatQ containing members of one group should be completely freed from a solution 
which may contain members of other groups. 

The greatest care should be exercised to perform thoroughly all the operations of analysis, such 
as boilini^ evaporation, &o. It will be a good plan to test specially in order to ascertain if the 
desired result has been accomplished, in a given case, e.g. in boiling off hydrosulphuric acid from 
a solution, a piece of paper moistened with acetate of lead and held over the test tube will afford 
the necessary information. 

The student is urged to determine what he proposes to effect, before undertaking any experi- 
ments; in the event of failure, to thoroughly investigate at once the possible causes of non-suc- 
cess, and to repeat experiments with any modifications experience may suggest, again and again, 
until success is achieved. 
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PRELIMDsAEY EXAMINATION. 



(BASIC RADICALS.) 



L A portaoB of tbe poviiered 
is beated in a 



CHaM tube open at botli 



Aqnecnu vrnpcior is e3q>elj«d, 
put oi the tube. 



OB aeool 

AlfaBne. XH«. 

. ATobtikacid. 
I 



FcDes or gmsea are expelkd. 

The gm» kiiKljei bsraxng vood. O. < 

has the odovr ol S. aod'i. S<3y 
bcms viih m b^ae flame, 
baks tbe odoar of Or. and 
b;:iii« with m cxiiDiOB 
biks tbeodoor ot HjS^ 



CKXyi 

Or. •cranideV 



A i^^\2imKte fonns on a oool pMt of tbe tsbe. 

Ji«ULJ3c fc^R. Afl. Hg. Cd. 

SfaLBL 



B. A pcrsim cf tbe ih^vdestd 
K muvd vMi A*Afr.>'i, and 

tube dosed at 



AmbSsutef 



a cocC pMt of tbe tsbe. 

AbiK^mkNC Ajm 



PL I4U 



A portHi 



ol tbe fK^v'Sered 






bicirrcir* 



ExfL V. 




Hr. As 
IV 



odovrt KH«. 



). 



HA..- 



C 



\i 



i?. 



ct 



G 



XL 



Uk' 



Mf.Za.AL 



Iftlibe 



«rT4 



Cd. 



F^Ml ««db .T«^\\ a iIk 




Oft 



63 



PRELnnNARY EXAMINATION (Continued). 



(BASIC RADICALS.) 



Exp. in. 








Tlie residae from Exp. II. i. is moiftened 


The maM becomea coloured. 






with Nitrate of Cobalt, mnd 

again heated. 




Bluish-green. 

Blue. 

Green. 


Sn. 
AL 
Zn. 






Pale-pink. 


Mg. 


Exp. rv. 








A portion of the powdered subBtance 


A bead is formed. 






IS fused with 


In Outer JUme. 


In Inner ^me. 




Borax, on Flatinum wire. 


Yellow (hot) ) 




Bi 


(a yery small quantity of the powdered 
Bubstanoe should be nsed in tnis Exp.) 


Colourless (oold) ( 




^k^a* 


Transparent and clear. 




Cd. 




Green (hot) 


Colourless (hot) ) 


Cu. 


• 


Blue (cold) 


Brick-red (cold) ( 


^>m 




Green. 


Green. 


Cr. 




Red (hot) 


YeUow (hot) ; 


Fe. 


- 


Yellow or Colourless (oold) 


Bottle-green (cold)j 






Amethyst. 


Colourless. 


Md. 




Clear. 


Milk-white. 


Zn. 




Blue. 


Hue. 


Co. 




Violet (hot) 
Bed-brown (cold). 


Grey. 


Ni. 


Exp. V. 








A portion of the powdered subatanoe 
is heated alone, on 


The flame is coloured. 








Yellowish-green. 


Ba. 


Plattnuin wire or Ibll, 




Crimson. 
Orange-red. 


Sr. 
Ca. 


in the outer blowpipe flame. 




Violet 


K 


(alK> see Exp. U. i.) 




YeUow (intense). 
Carmine. 


Na. (characteristic). 
LL 


Exp. VI. 








A portion of the powdered substanoe 
mixed wUh NotCOt + KOif 


The mass is coloured. 








^uish-green (cold). 


Mn. (characteristic). 


isfoted on 








PlatiniiTn foil 








in the inner blowppe flame. 









The presence of organic matter in a substance is usually revealed by the charring and blackening (from separation 
of carbon) which takes place when the substanoe is subjected to a high temperature. 
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BEHAVIOUR OF BASIC RADICALS AND CERTAIN ACID RADICAI^ WITH THOSE 



ic Badicaltf 
and salts. 



Hydrochloric Acid 

in an ada, alkaline or neutral solution. 



Silver 
Lead 



I. 
2. 



Mercury (Hg,) 3. 



II. 

Tin (8na) i. 

» (Sn) a. 

Antimony (Sb,) 3. 

., (Sb) 4. 

Arsenic (Ass) 5. 

„ (As) 6. 

Platinum 7. 

Gold 8. 

Mercury (Hg) 9. 

Bismuth 10. 

Cadmium 11. 

Copper 12. 



Hydroiulphiiric Acid 

in an acid solution. 



I. Chloride, white 
i> Chloride, white 

2, Sulphate 

3- Chloride^ white 



ac. neut. or alk. a sol. 
ac. neut. or alk. a sol. 
alk sol. 
ac. alk. or neut. soL 



1. Sulphide, with or without evolution of gas y 

3. Sulphidey 

4. Sulphide, with or without evolution of gas 7 
4. Oxychlofidep cic, or 

6. Sulphide, with or without evolution of gas 7 

7. Sulphide^ with evolution of gas 7 . 

8. Sulphide „ „ 7 . . . 

9. Sulphide „ „ 7 . . . 
10. OxyeMoridep oe. or 



1 7. Sulphide, with evolution of gas7 . 



alk. sol. 

alk. sol. 

alk. sol. 
neut. aol, 

alk. sol. 

alk. soL 

alk. sol. 

alk. sol. 
neut, 80I. 

alk. sol. 



3. Sulphide in dilute^ not too add solutions. 
3. Sulphide. 



III. 

Aluminium 
Chromium 
Iron (Fes) 
M (Fe) 



T. 

a. 



IV. 

Manganese 
Zinc 
Cobalt 
Nickel 



1. 
1. 

3- 



V. 

Barium 
Strontium 
Calcium 
Magnesium 



t. 
1. 

3- 
4. 



VI. 

Potassium 
Sodium 
Ammonium 
Tiithium 



I. 

3- 
4. 



0> 

a 



I. Dark brown, 
a. Yellow. 

3. Orange. 

4. Orange-yellow. 

5. Orange. 

6. Yellow. 

7. Brown-black. 

8. BUck. 

9. White, finally black. 

10. Brown black. 

1 1 . Brilliant yellow. 
^12. Black. 



1. RedtMd to Seaquioxide. S $eparateicL 
3. JUduced to Perrom tcUL S tepc^ratetfi. 



4. Sulphide, with evolution of gas 7 



alk. sol. 



X. Chloride 



saturated ac. or neut. sol. 



1. Sulphate) From oxidation of Sulphur, when 

2, Sulphate) Nitric acid U preaent. 



Add Badicals 
and salts. 



Carbonic 

Silidc 

Borado 

Sulphurous 

Hydrochloric 

Hydrobromio 

Iodic 

Hydrocjranic 

H^drosulphurio 9. 

Nitric 10. 



I. 
1. 

3- 
4- 

5. 

6. 

I; 



Not predpttated. 



Not predpitated. 



I, JEvolutionofgcuyi alk. sol. 

1. White or yellow ppt a alk. sol. 

3. Predpitated from a cont* solution. Soluble in water 



8. Evolution of gat y^ 

9. Evolution offfasyd 



alk. sol. 
alk. sol. 



a TnaX as a ■abttanoe iiuolable in water and adds, as in Appendix. 

P These re-dissolve In an excess of hydrochloilc add. 

Y See for aU these cases, p. 99, where directions are given for deaUns 
with them according to FreseDins. 

A The presence of these adds is generallv revealed by the efferrescence 
which attends their decomposition bj hydrochloxlc add. 



4. Separation of Sulphur. 



5. 
6. 

7. 



99 



99 



(if Chlorine is free), 
(if Bromine is free). 
(reduced to Iodide). 



10. Separation of Sulphur (from oxidation). 



a Beoognised by greenish colour of the solntion. 
fi Yellowish- white ppt of sulphur. 



w 



REAGENTS EMPLOYED TO SEPARATE THE BASIC RADICAIfi INTO GROUPS. 



Hydrate of Ammoniuin 

In proMDoe of NH4GI and HNO,. 


Sulphide of Ammonium. 


Carbonate of Ammonium 

in presence of NH4HO and NH4GI. 












• 


I. Hydrate, white. ] As Pho»phatta 
^* Hydrate, bluish-greeD. 1 also^ in preience 

3. Hydrate, white yeUow. * of thephotphorio 

4. a. J radical 


3. Sulphide. 




I. Hydrftfee (only partiaUy), 


r. Sulphide, fleih colour. 
^. Sulphide, white. 
3. Sulphide, black. 
4- Sulphide, black. 




I. ) as PhotphtUet, Oxdlate$, BoretUi or Flvoridet, 
a. > in preeenoe of the coiresponding acid radi- 
3.) oals. 
4. Pho»phate in presence of the phosphoric radical. 


- 


I. Carbonate, white. 
7, Carbonate, wUte. 
3. Carbonate, white. 
4.0. 


Not preoipitated. 


Not pieoipitated. 


Not precipitated. 








• 






a Any fenoiu Mlt bM been oonTsrted into a f«nle Mlt 
I7 the eddition of nitric add, and boiling; 




a Hignesliim is not predpltoted by carbo- 
nate of ammonium in prewnoe c^ chloride of 
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OUTLINE OF THE SYSTEMATIC 



Hydrochloric Acid 

in an aoid or neutral eolation. 



PpU 
Ag 
Pb 
Hga 
Boiling water 

§oi. 



Sol, 

HydroBulphuric Acid 

in an acid solution. 



Pb 



ppt. 

Ag 

Hg, 

Hydrate of Ammonium. 

I r~i 



Sol. 

Ag 



at. 
Sn 



PpL 
Sn 
Sb 
As 
Pb 

Pt ) special examination with 
An i NH4 CI and Fe, SO4. 

Hg 
Bi 
Cd 
Cu 



sa. 

Nitric acid. 
Chloride of Ammonium. 

Hydrate of AmmoniunL 



Sulphide of Ammonium. 



Ppt. 
All 

Or > and with (PO4). 
Fe) 
Ba, Sr, Ca^ Mg, with (PO4). 

H jdrate of Potassium. 



Ppt 

Hg 
Pb 
Bi 

Cd 
Cu 
Nitric add 

and 
Sulphuric acid. 



&?.t 



Sn 

Sb 

As 

HCl to re-ppt. 

Carbonate of Ammonium. 



Ppt, sa. 

Fe and (Cr) Al (POJ 

Ba, Ca, Sr, Mg, (PO4) Cr (PO4) and (Fe) 



Ha to dissolve. 
Acetate c2 Potassium* 



Boiled for some time. 



SoL 

Am 



Ppt, 

Sn 
Sb 



vouUiU 

Hg 



Ppt. Sol. 

Hg(red<l.b7Cu) Bi 

Pb Cd 

Ignite Cu 

1 Hvd. of Ammonium. 

retidue ^ 



Ppt. 

Feand(Cr) 
Fused, 
for(Cr). 



Pb Ppt 



m 



Sol. 
Cd 
Cu 



HaSgas to re-ppt.* 
Cyanide of Potassium. 



Nitro-hydrochloric acid. 

Marah's Test. 

I 
Sn 
on the zinc in 
the apparatus. 
Hatodiasolye. 
Mercuric chloride. 
Greynpt^HfoCL 



( 



sa. 

Ba 
Ca 

Sr 
Mg 

;po4) 



Ppt 

Cr(P04) 
and 

(Fe) 



Sok 
A1(P04) 



Aoetic ftckl. 



Fused. 



8b 

Special reactions 
p. 17. 



. lUtidue. 

> Pe 

S & 
1 1 



E 



SoL 

Cr(P04) 

Acetate of 

Lead to 

one part 

Moly D. Am 

to another 

fbr(PO^. 



^ 



'SoL 



Cu 



or 



Cd and Cu as sulphide 
Sulphoiio and. 



or 

HCl to re-ppt. T 

Ha + HNOa to diasolTe. 

Solution placed in a 

H apparatus. 



PpL 
Al (PO,) 
Silicate of Potaasiom. 



Al 



Sol. 

Cd 



% 



through 
Acetate of Lead, 

and 
Nitrate of Sflver. 



SoL 
(PO4) 



-h 



SoL 

Aga As Oa 

Beutrahae by 

Hydrate of Ammcminm. 

Teikyw ppt^Ag. As Oa 



Ppl. 

AgaSb 

Tsiiaricacid 

todisBolye. 

HCl to acidify. 

Hydroea^Qiic add. 

Orange ^t^Sbfe 8a 



Sn 
<Mi line in the 



ffsne 
HGllodiaBQl^ 
Meroiinc chiondei. 
Greyp^HgaQ 
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OOUBSE OF ANALYSIS FOR BASIC RADICAIA 



"soL 



Sulphide of Ammonliim. 



Ppt. 

Mn 
Zn 
Co 
Ni 

Hydroohlorio acid. 



Sol. 
Mn 
Zq 

Hydnte of PoUadum. 



Ik 



Chloride of Ammonium^ 
Hydrate of Ammoninm, 

Carbonate of Ammoniiim. 



ppt. 
Mn 



sa. 



Co 

Ni 

HC1+ HNQa to diMolra 

Cjuidd of Potawrinm 

HypooUoiite of Sodium. 



8^ 



Co 



Bft 
8r 
C» 

Hydroohlorio add. 
Hydroftoorilioio 
and AloohoL 



Si 



Ik 
8r 

Ca 



8oL 

Na 
DiTide into two portiona, A and B. 

I 



^rdrate of Ammofuum 
Jniosphate of Sodium. 



Evaporate and ignite. 



FetTOOjanide of Potaanun. Ppt. 



& 



8r 



Sok 
(ncgleot) 



Vaporked. 



Water to dwdTe. 

Hydroohloiio aoid. 

GUoio-platinio add, 

and Aloohol. 



*• 



Bot. 

Na 



9 
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METHOD OF ANALYSIS FOR GROUP I. 



HYDROCHLORIC ACID 

precipitates from cusid or netUral solutions, 

Chlorides of L., ' 
(Silver. 

Mercurous Chloride. 

Lead is not precipitated by hydrochloric acid, fix>m dUtUe solutions, because chloride of lead is 
soluble in much water. If present it will be detected during the course of the analysis for the next 
group. 

OxYOHLORiDES OF Antimont AND BiSMUTH may be precipitated along with members of this group. 
They i*e-dissolye in an excess of hydrochloric acid. 

Effervescence and evolution of Gas, on addition of hydrochloric acid, reveals the presence of 
the carbonic, hydrosulphuric, or hydrocyunic, acid-radical& They will be readily recognised by their 
characteristic reactions. 

Hydrochloric acid must he added drop by drop, A few drops will determine the presence or 
absence of members of this group ; if present, excess must be added ; if absent, the only object to 
be attained is the acidification of the solution preparatory to treating it with hydrosulphuric acid. 



ANALYSIS OF PRECIPITATE PRODUCED BY HYDROCHLORIC ACID, IN AN ACID OR 

NEUTRAL SOLUTION. 



Iiead. 



Silver. 



Mercury. 



The fiUraUf which may contain memben of other groups, is set aside 
for further examination. The prtcipUaU is thoroughly washed with cold 
water. If the washings are added to the fiUratey any appearance of tur- 
bidity will reyeal the presence of Antimony or Bismuth. 

Chloride of lead is soluble in boiling water, the whole of the Lead may 
be dissolved out from the precipitate by boiling with successive portions of 
water, and separated by decantation or filtration. 

Test for Lead, in the filtrate or decanted liquid, with sulphuric acid. 

Chloride of silver is soluble in hydrate of ammonium. Silver may be 
remOTod from the residue by treating with hydrate of ammonium and filtra- 
tion. (If Lead is present and has not been detected, some turbidity wiQ 
occur in the filtered solution, from fonnation of a basic salt of lead. It will 
dissolve in nitric acid, and therefore may be neglected.) 

Test for Silver, in the filtered solution, with nitric add. 

Any residue will consist of the black compound formed by hydrate of 
ammonium and mercurous chloride. 

Test for Mercury, by fusing the residue with carbonate of sodium. 



I Tht solution is acid or neu- 
tral. 
Add HCl in excess. 

I Filter. 

(Examine filtnto for next group.) 

Add much H,0 to ppt. 

BoiL 

Repeat with fresh portions 

ofH.0. 

2 Filter. 

Washppt. thoroughly. 
Add HgSO^ to filtrate. 

White ppt. =Pb.S04. 



Residue from i. (Ag. Hg.) 

Add NH4HO to ppt. 

Heat. 

3 Filter. 

Add HNO. to filtrate. 

White ppt. =AgNO.. 



Residue from 3. 

Dry the residue. 
Heat in tube with NafiO^. 

Grey sublimate =Hg. 
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METHOD OF ANALYSIS FOR GROUP I. (contintjed). 

TREATMENT OF AN ALKALINE SOLUTION WITH HYDROCHLORIC ACID. 

L The addition of hydrochloric acid to an alkaline solution may produce a precipitate tohich 
dissolves in excess of the jyrecipitant. 

The solution in this case is treated with hydrosulphuric acid gas, as in the regular course, according 
to the method for Group II. 

II. A precipitate may form, on adding hydrochloric acic^ which is not dissolved in excess qf the 
precipitant^ or on boiling. 

The formation of this precipitate depends on the &ct that certain salts, insoluble in water and 
hydrochloric acid, are held in solution by some alkali or alkaline salt. The latter is decomposed by 
hydrochloric acid, and the salt held in solution separates^ thus : 

Sb,S, -f (NH J^ + 2HCI = Sb,S, -h 2y H^Cl -h H,S (See Gr. IL sect I col. i). 
solution ppt. solution gas 

ANALYSIS OF PRECIPITATE PRODUCED BY HYDROCHLORIC ACID IN AK 
ALKALINE SOLUTION, AND INSOLUBLE IN EXCESS. 



a. 



Ppt. without evolution of gas. 



a. 
WhiU. 

PbCl 
PbaSO^ 
Agbl 
HSiO, 



Test for HSiOg 

separately. 

Test for the otben 

as BubBtances 

insolable in 

water or acids. 

See Appendix to 

Part IV. 



Orange or Yellow. 

AsA 

Ab,8. 

Sb^ 
Sb,S, 
SnS« 
HSiOt 

I. Filter. 

Boil, 
with conc^. 
HCl + HNO.. 

a. Filter 
(if necessary). 
Treat the solution 
with H9S, as in 
Gr. II. If any 
residv/e from a 

treat as a 
substance insolu- 
ble in water 
or acids. 
See Appendix to 
Part IV. 



Ppt with evolution of HS* gas alone. 



a. 
White. 
Due to sulphur, 
from presence of an 
alkaline Bulpbide. 
Boil, and 
Filter. 

Ppt Filtrate. 

Treat as a sub- Treat with 

stance insoluble in NH4HO 

water or adds. as in Gr. III. 

See Appendix to (p. 74). 
Part IV. 



b. 
Coloured: 
PtSj 
AuS, 
SnSa 
SbA 
SbA 
AsA 

AsA 
Hg,S 

CuaS 

Ni;S 

Filter. 



Ppt. 
Treat with H,S 
as in Group II., 
if sol, in adds; 
otherwise as a sub- 
stance insoluble in 
water or acids. 
See Appendix to 
Part IV. 



Filtrate. 

Treat with 

NH4HO 

as in Gr. III. 

(p. ^4.) 



Ppt. with evolution of HCy gas, 
alone or with HaS gas. 

Presence of an alkaline cyanide or 

sulphide, 

BoU 

with more HCl or HNO., 

to expel HCy. 

Fdter. 



Ppt. 
Treat as a sub- 
stance insoluble in 
water or acids. 
See Appendix to 
Part IV. 



Filtrate. 
Treat with 

HaS gas 
as in Gr. II. 

(p. 70) 



III. No precipitate forms, hut gas is evolved^ on adding hydrochloric acid. 



The gas smells of HaS, 

and blackens a solution of 

acetate of lead. 

Presence of an alkaline sulphide, 

BoU 

to expel all HaS. 

Treat with NH4HO 

as in Gr. III. 

(p. 74.) 



The gas smells of HCy. 

Presence of an alkaline cyanide. 

Boil 

to expel all H(>. 

Treat with HaS 

as in Gr. II. 

(It will not matter if HaS or CO are 
evolved along with HCy.) 



The gas is inodorous, 
and precipitates lime-water. 

Presence of carbonic acid 

combined with an alkali. 

Treat with HrS 

as in Gr. II. 

(p. 70.) 
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METHOD OF ANALYSIS FOR GROUP IL 



HYDBOSUIJPHUBIO AOID 

precipitates firom a aolntioii in which hydrochloric acid has fiEuled to prodnoe a precipitate, or 

from the filtrate from the hydrochloric acid precipitate, 

Mercaric Sulphid& 

Sulphide of Lead. 



Sulphides of 



Sulphides of ^"^ 



StaimoaB and Stannic, \ 

AntimoniouB and Antimonies V Snlphidea 
ArBeniooB and Arsenic, J 



Bismnth, 

Oadmimn, 

Copper. 

Hydrosolphmio acid is applied in the form of gas, and is passed throng the solution lor a 
OQDsidarable time, heating at intervals, in order to ensure a complete result. 

Before passing the gas, it must be ascertained that the solution has been acidified with hydro- 
chloric acid, otherwise members of the third or fourth group might be precipitated. 



Separatiok of Sulphub may result from the action of hydrosulphuric acid, due to the reduc- 
tion of some easily reducible salt of a basic radical which is not precipitated as sulphide by the 
group-reagentb 

A copious ydlow depotU of wUpkwr may occur if nitric acid is presents 

A yeUaw-whtie predpUaU of mdphur may be due to the presence of a ferric salt. 

A green eolov/r in the solution indicates the presence of a chromic salt 

In muh eases the preeipitaie should be invariMy Jwrther examined. 



Anssnc is precipitated from solutions with great difficulty by hydrosulphuric acid. If it has 
been detected in the preliminary examination, the solution must be largely diluted with water and 
then fully saturated with the gas, boiling repeatedly. If zinc is present, a portion is liable to be 
precipitated along with arsenic. If arsenic exists in the form of its arsenie compounds, the addition 
of sulphurous add before passing hydrosulphuric acid gas will, by reducing an arsenic to an araeniotts 
alt, ensure complete precipitation. But if lead, barium or strontium are presoity sulphurous acid 
will, from oxidation, cause these to be precipitated as insoluble sulphates. Henoe^ if the precipitate 
produced by hydrosulphuric add gas, after adding sulphurous add, is not soluble in adds, it must 
be treated as an insoluble substance, and examined accordingly. 

EXAMINATION FOR PLATINUM AND GOLD. 

If one or both of these hftTe been detected in the prefimhierj exemina^ 
tion, they musi be eooght for tpecially in a portion of the eolntion in which 
hydrodiloiie add has fuled to prodnee a precipitate or in the filtrate 
from the hydrodilorie add precqiitate. 

Tlicir reactions are eo characteristie that these metals will he detected 
in preeenoe of all other banc radicals. 

An nitric add, if present, must be remoTed by one or two eraporations 
with hydrochloric add. 

Platinmn is eo n y e r i ed into cMoro-platinate by meant of dilraide of 
ammoninnv and aeperatcH by filtrati<Mi. 

Gold may be detected in the reeidnal eolation by fenov eolphate or 
oxalic acid. 

N.B. Hue procesB will oocapy eome hoars to be efficiently peribnned, 
as the platrnnm precqatate fotms slowly. 



PlStillllllla 

Ctold. 



Add to a poriiom nfikt 

gmaltoimtiom 

Ha+NH«GlorKCL 

(After eqwOiiv aO BNO^ 

Evi^Minte to diynesB. 

Treat residne with akohoL 

Tellow p^j^ NHtPtCL 



or 



fUter. 



Filtrate. 

Erapoimte to expel alcohoL 
Add FchSO^ to residne. 

Brown powder= An. 
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METHOD OF ANALYSIS FOR GROUP H. (continited). 



ANALYSIS OF PRECIPITATE PRODUCED BY HYDR08ULPHURIC ACID IN AN ACID SOLUTION. 



Mercury. 



[Lead.] 



Blmuth. 



Cadmium 
and Copper. 

(and tee next 



The fUraU^ which may contain members of other groups, is set asid« 
for further examination* 

Hie preetjnlote after being well washed with hot water, containing some 
hydroaulphuric acid, is boiled with sulphide of ammonium, in order to 
separate this group into two sections. 

PORTION OF PRECIPITATE INSOLUBLE IN SULPHIDE 

OF AllMONIUM. 



The insoluble residue Is washed thoroughly free from all sulphide of 
ammonium and boiled with nitric add. Sulphide of mercury remains as 
an insoluble residue. Btfort filtering this from the undissolved portion, 
sulphuric add is added, to precipitate any Lead in the form of sulphate, 
and this remoTed together with the mercuric sulphide. The insoluble residue 
is a mixture of Hg,S and Pb^ SO4, but ndiher will interfere with the detec- 
tion of the other. 

A portion of the mixed predpitate is dissolved in nitro-hydrodiloric add, 
and from this solution Mercury may be obtained as a metallic deposit on 
the surface of a piece of copper foiL 



Another portion is ignited on platinum foil or porcelain. Sulphate of lead 
not being volatile will remain as a white reddue upon the foU or porcelain. 



The remaining sulphides (Bismuth, Cadmium and Copper) in solution in 
nitric acid, are treated with hydrate of ammonium in excess and heat ap- 
plied. Bismuth is alone precipitated from the solution as hydrate. 

Test by dissolving in very little hydrochloric acid and adding much water. 



The solution containing Cadmium and Copper is evaporated nearly to 
dryness, dissolved in acetic add and water, and the metals again converted 
into sulphides by passing hydrosulphnric add through the solution. 

Sulphide of copper may then be dinsolved by adding cyanide of potas- 
sium and separated from the insoluble sulphide of cadmium, which remains 
as a yellow reddue. 

Test for Cadmium by blowpipe. For Copper, by means of f erro-cyamde 
of potasdum, previously adding acetic add, since other adds if present 
decompose the precipitate formed. 



To the solution to be ana- 
lysed add HsS gas. 
(Observing precsntioBa) 

I Filter. 

CEzamine flltrste for next gnmpk 

Wash ppt. thoroughly with 

HsS water. 

Boa ppt with (NH j;5. 

a rater o. 



Reddue from 1, 

(Hg. Pb. Bi. Cd. Cu.) 

Wash thoroughly. 
Boil with HNOt, 
until all red fumes cease. 

Dilute with HtO. 

Add HtS04 until no more 

ppt. forms. 

Divide residue into two 
portions, A and B. 

A. Dissolve in Ha + HNO.. 
Introduce piece of metallic 

copper. 

Metallic coatings Hg. 

B. Ignite on platinum foil 

or porcelain. 

White residue =PbtS04. 



Filtrate from 3. (Bi.Cd.Ctt.) 

Add NH4HO in excess. 
Heat. 

4 Filter. 

Drv the ppt slightiy. 

Dissolve in very little HCl. 

add HaO. 

White ppt »BiCLi.Bi.O». 



Filtrate from 4. (Cd. Cu.) 

Evaporate nearly to dryness. 

Add HC AO, and H,0. 

Reppt by HgS gas. 

Decant the liquid. 

Add to ppt. KCy. 

5 Filter. 

Tellow residue =CdtS. 

Conflnn by blowpipe. 



Filtrate from 5. (Cu.) 

Add some acetic add. 
Add KflCfy. 

Brown ppt = CuaCfy. 



a The flltnte, which may eon- 
tain Sb, Ab or Bn, ii treated m on 
p. 73, or by Hoftnann'i method, 
p. 73L 
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METHOD OF ANALYSIS FOR GROUP 11. (continued). 



METHOD FOR THE SEPARATION OF CADMIUM AND COPPER (HOFMANN). 



Cadmium. 



Copper. 



A Bolution, which may contain both Cadmium and Copper, is acidified 
(if not already acid) with hydrochloric acid. 

Hydrosulphuric acid gas is then passed through the solution, to precipi- 
tate the metals as sulphides. 

The precipitate must be washed thoroughly and quicUyf otherwise 
sulphide of copper might pass by oxidation into cupric sulphate. 

The precipitate is boiled with dilute sulphuric acid. Sulphide of cad- 
mium is thus decomposed, and soluble sulphate of cadmium formed. 

Sulphide of copper remains undiBsolved. 

Test for Cadmium in the solution by hydrosulphuric acid. 

The residue is dissolved in nitric acid, excess of hydrate of ammonium 
added to neutralize the acid, and, finally, excess of acetic acid to prevent 
decomposition of the precipitate produced by ferrocyanide of potassium. 

Test for Copper in the acetic acid solution by feirocyanide of potasaiom. 



To solution to be analysed, 
addHCL 
. (If not already add). 

Pass H,S gas. 

Wash ppt. thoroughly and 

quickly, by decantation. 

Add HgSO*. 

BoiL 

r Rlter. 

Pass HsS gas HaoisghfiUraU. 

Yellow ppt =CdaS. 



Residue from il Cu. 

Dissolve in HNO3. 

Add NH4HO in excess. 

Add HCaHaO, in excess. 

Add K,Cfy. 

Red-brown ppt.=Ca2Cf7. 



N.6. All the operations in the above method must be performed as rapidly as possible. 



PORTION OF PRECIPITATE SOLUBLE IN SULPHIDE OF AMMONIUM. 



Arsenic. 



Antimony. 



Tin. 



The sulphides of Tin, Antimony, and Arsenic, held in eolation by sul- 
phide of ammonium, are reprecipitated as sulphides on the addition of 
hydrochloric add. 

As hydrochloric acid is liable however to produce deoompoffltion and 
solution as chloride^ of a portion of the snlphideB, it is advisable to pass 
some hydroaulphuric acid gas through the solution at the same time. The 
precipitate by hydrochloric acid must be well washed. 

The reprecipitated sulphides are treated with carbonate of ammoniiim, 
which dissolves only sulphide of arsenic. 

Arsenio is again pirecipitated from this solution by hydroddoric add, 
and tested by Fresenios' and Babo^s test» or the solution may be precipi- 
tated by hydrochlorio aeid, the precipitate dissolved in nitro-hydrodikiric 
add, and tested by Marsh's test (p. 37). 

The ondisBolved sulphides of antimony and tin, separated by carbonate 
of ammonium from atsenie, may be dissolved in nitro-hjdroddorie add. 

Antimony is sought for by means of a Marsh's ai^taratos (p. 97). 



After boiling the H^S 

ppt. with (NH4),S, 

reppt. by HCl, 

passing some HsS gas. 

Wash the ppt. thoroughly. 

(Wash bj filtmtkm if much 
ppt. of solphor.) 

Add (NHJ«CO,. 

I FUter. 

Artenie is tH the jmrak. 

Add HCl tofitrate. 

Test ppt by Fresenius' and 

Babo's test (p. 99). 

Or 

dissolve ppt. in HCl + HNOs. 

Test by Marsh's test (p. 37). 

Residue from t. (Sb. Sn.) 

AddHCl + HNO,. 
Place solution in a Marah's 

apparatus. 
AnHmony if present will be 
recognised by its reactions. 



r 

I 

I 

Tin is reduced by zinc in the apparatus at the same time as a Uadc I 

metallic powder. This, if ooUected^ washed, dtssolved in hydrochloric add, I 

and treated with mercorio chloride, yields the diamcteristic grey prec^- 

Ute (p. 14). 



Tin reduced by dnc in 

the apparatus, as a 

Bladt mttaUie powder. 

Wash the powder. 

Dissolve in HCl 

AddHgCL 

Grey ppt =Hg,Cl. 
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METHOD OF ANALYSIS FOR GROUP II (continued). 



SEPARATION OF ANTIMONY, ARSENIC, AND TIN (HOFMANN). 



Anenlc. 



Antimoiiy. 



A solution snppoaed to oontain either Antimony, Anenic, or Tin, or all 
of them, is introduced into the generator of a hydrogen apparatus. 

(Hydrogen is evolved by the action of sulphuric acid upon zinc, care 
being taken to have the mateiials perfectly free from anenic.) 

The evolved gases are allowed to pass from the generator, through a 
solution of acetate of lead, in order to absorb any hydrochloric or hydro- 
sulphuric acid. 

Thence they are conducted through a solution of nitrate of silver. 

Antimony is here predpiiaUd as antimonide of silver (Ag^b), whilst 
Arsenic, first converted into arsenious acid, is kdd in $okUion as arsenite of 
silver (AgaAsOajTby the liberated nitric add. 

SAgNOs+H^OssAgaAsOs+sHNOs (p. 35). 



If the iolutUm is exactly neutralised by hydrate of ammonium, arsenite 
of silver is precipitated (yellow). 



The precipUaU of antimonide of silver may be dissolved in boiling 
tartaric acid, the solution acidified by nitric acid, and hydrosulphuric acid 
gas passed through it. An orange precipitate of antimonious sulphide 
indicates the presence of Antimony. 



Tin remains in the generator as a black deposit upon the zinc, toge- 
ther with some Lead and Antimony (thass latter may be neglected). If 
collected and boiled with hydrochloric add, chloride of tin is formed. This 
yields with mercuric chloride the characteristic grey predpitate of mercurous 
chloride (p. 34). 



If the filtrate from a (p. 71) 
is used, Sb, As and Sn will 
be in the form of add 
radicals. 
Reppt. as sulphides by HCl, 
passing at same time some 

H^Sgas. 

Collect the ppt. and wash it. 

Boil the ppt. with 

Ha+HNO,. 

The solution may be tested 

as follows. 



Place the solution in a H 

apparatus, 
(Tskiiig precautions in its nw). 

Pass evolved gases through 

PbCgHaOi solution. 

Thence through AgNOg 

solution, until no ppt. 

forms in the latt^. 



I Filter the AgNOj 

solution. 

Add NH4HO to filtrate, 

to neutrallxe exactlT. 

Tellow ppt^AgsAsOs. 



Residue from t. (Sb. Sn.) 

Boil with tartaric add. 

1 Rlter. 

Add HNOg tofiUraU. 
Pass H^ gas. 

Orange ppt. ^SbaSs. 

^e residue ftom 2 oonBisti of Ag). 



Collect the black deposit on 

Zn in the generator. 

Boil witix HCL 

Filter. 

Dilute solution with H,0. 

Add a few drops of HgCl. 

Grey ppt. =Hg.CL 

(I^esenoeofTln.) 



N.B. It will be necessary in all cases where Tin, Antimony, or Arsenic is detected in the course of analysis, to 
examine a portion of the original solution according to reactions on pages 14 and 45, to asoertMU in what state 
of oxidation these basic radicals may have been originally present. 
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METHOD OF ANALYSIS FOR GROUP HI. 

HYDRATE OF AMMONIUM, 

in the presence of chloride of ammonium, precipitates ^m a solution in which hydrochloric add 
and hydrosulphuric acid have failed to produce a precipitate, or in the filtrate from the hydro- 
sulphuric acid precipitate, 

Aluminium, f as hydrates. And as Barium, ) i,x/i_^/i-j ii.v 

_,,._/. « . as phosphates (borates, fluondea, or oxalates) 

Chromium, < phosphates in presence Strontium, >. . ^- .. -^ j- i 

' j ^ '^ *^ I in presence of the corresponding acid ladicaui 

Iron, lofthe phosphoric radical. Calcium, J 

( as phosphate, in presence of the phosphoric 

A small quantity of Manganese may be precipitated with Iron, but will not interfere with the 
detection of the latter. 

A portion of the original solution should be tested, before adding the gronp-reagent, if the prt- 
9ence of Iron is suspected, in order to ascertain in what state of oxidation it exists. The reactions 
of ferrous and ferric salts with ferro- and ferri- cyanide of potaasium respectively, will detennine 
this (p. 33). 

The filtrate from the hydrosolphoric acid precipitate, or the Bolntion in which that reagent has 
fiiiled to produce a precipitate, must be thoroughly bailed to expd all ti^ifce of the gas, before adding 
hydrate of ammonium. Otherwise, on sabsequently adding nitric add (to peroxidise Iron), oxidation 
of sulphur might produce sulphuric acid, and this would precipitate any Barium, Strontium, ox pos- 
sibly Calcium, as insoluble sulphates. 

Nitric acid is then added to the solution to be tested, the whole evaporated to dryness and then 
ignited This may be repeated. By this means any Iron present is oonYerted into a ferrifi salt (even 
if it were originally present as a ferric salt^ hydrosulphnrio acid will haTO reduced it), and hence it 
will be thrown down by hydrate of ammonium (p. 33). 

Any OXALIC acid is at the same time oxidised, and the presence of Barium, Btrontiom or GalcLnm 
as oxalates in the hydrate of ammonium precipitate^ is prevented. 

Any aiEJCA is also converted by the desiccation into inaolahle silicio anhydride (Si^OJ. If 
allowed to remain in its soluble form, it might be mistaken for hydrate of aluminium. (The red- 
due after evaporation should be ignited sUghtly^ not too stcongily, otherwiae certain oxides of this 
group might be rendered insoluble.) 

The dry reddne is dussolved in hydrochloric aoid. 

Chlobids of AUXOHimc ia added to the solution in hydEooUcric aoid. This prevents precipita- 
tion of Magnedum (except aa phos p ha te in presence of the pboqihoric radical) by hydrate of 

Makqakssb may be detected in the hydrate of ammaniom ptedpitate^ by fusing a small por- 
tion with carbonate of sodium and cyanide or nitrate of potaasiam on platinum foal; a bluish- 
green residue indicates its presence. 

Tbb fhosphouc miDTCAL may also be detected in a amall portion of the predpitate, by dis- 
solving in nitrio add, and adding nitrate of diver. Its piesenoe ia revealed by a yellow ppi 
The absence of this radical will neoeadtate great abridgement in the IbUowii^ method of analyds. 

BoEAXsa AHB fUTOUUB maj be ncf^eded, aa soffideni both of the baaic and acid tadicala wiD 
remain to be detected in the mppnfnsAn place. 
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METHOD OF ANALYSIS FOR GROUP m. (continued). 

ANALYSIS OF PEEOIPITATE PBODUOED BY HYDRATE OF AMMONIUM. 



cmromliim. 



Alnmtnlnm 



Iron. 



ThbJUrait^ whioh may oontain mMoben of otfaor gioapi, !■ Nt madib 
lor ftiiihir eiMnfaatJon. 

The preeipUale nrait be tfaorougbly wiihed until quite iree from eU tnoe 
of Mnmonift. It ie dlMolred in dHate hydroohlotio or nitric aoid. 



EzoMi of hydnte of potMdam added in tlie odld will then precipitate 
Iran (as phoqftbate or hydnte) together with the phcephatea of barium, 
ftnmtiiiiDy or oalnimn. Gbraoniiun and Aluminium remaining in aolntion. 



By long-continned boQing of the eolntioUy Ghraminm is precipitated, and 
Almniniutt left in sohitioiu 



As some Iron, if pr e s en t msy have passed into solution aUmg with 
CSiromium, it is neoessaiy to examine the precipitate prodooed on boiling, 
bj fusing a portion with carbonate of sodium and nitrate of potassium. 
Cbromium, converted into solnUe cbromate of sodium, may be dissolYed 
out by water and tested with acetate of lead. Iron will be detected in the 
residue. The remaagiog portion of the precipitate is examined with a view 
to ascertain wfaethsr Chromium existed oHgfaially in combination with tlie 
phosphoiio radical, or otherwise. 



In the solution from which Chromium has been separated by boQing, 
Aluminium may exist as hydrate or phosphate* The sdntion is treated with 
acetic add in excess. 

Phosphate of aluminium, if present^ being insoluble in aoetic acid, will 
be precipitated. 

Test for Aluminium, in the solution, with hydrate of ammonium. After 
lemoTing Aluminium from the predpitate of phosphate of aluminium, by 
means of silicate of potassium and filtration, the solution may be tested for 
the phosphoric radical with molybdate of ammonium (p. 46). 



|lf the solution to be analysed 
has been tieated previously 

with HA 
boU, 

to expel all tnoe of HaS. 

AddHNOfe, 

and evaporate to dryness 

onoe or twioa 

Dissolve residue in HOL 

Add some NH4CL 

Then add inoup reagent^ 



X niter. 

(RiMntnujUtrato for next group.) 

Wash tkeppl. thoronglily. 
Dissolve in UCl. 
Add m UU cold, KKO 
in 



2 Fater. 

Boil theJUiraU for some time. 

3 Filter. 

Divide ppt. into two 
portions, A and B. 



L Fuse with 

Na,COs+KNO,. 

Digest with 11.0. 

IMMolve ruUhu in BQ9B9O9, 
ud tott for Fe, with K^Cfy 

To iolvtion add HCaHaO^ 
and PbCaH.O^ 

Yellow ppt == PbCrOf. 

B» DInolve in HCL 

Add KQtHaOt in ezcML 
Ppi» SoteMoM* 

ladicalM tlM IndlcetM the 
phospluit* of ozlda. 

chnmittm. OonflimbyNHiHO. 



Filtrate from 3. Al. 

Add HCaHsOg in excess. 

Dissolve any ppL toformtit 

in HCL 

Add KHO in excess. 

Add KSiO,. 

White ppt = Alt (8i0t)i. 

fllio lolutlon may be tested for 

the phonborte ndical with 

monrbOMe of Mnnwminin 

HinV.p.46.) 

Hie aoltttlon uler adding 

HCfHsOs may be tested 

forAlbyNRiHO. 



The predpitate oontainbg Iron (together possibly with some Manga- 
nese)« and the phosphates of the alkaline earths, is dissolved in bydroohlorio 
add. Aoetate of potassium added in excess prec^itates Iron only, as phos- 
phate ^ the phoephorio radical is present), and as basic acetate. A portion 
of this predpitate should be tested for Chromtcm, as directed above^ unless 
the latter has been already detected. The other portion is treated with 
acetic add. 

Anijf ftMue after adding acetic add will contain the phosphoiio radical, 
phosphate of iron being insduUa in aoetic add. Test lAs MoMUm with 
fbnooyanide of potassium. 



Besidue from 3. 

[Fe, (Ba, Sr, Ca.)] 

Dissolve in HCl 
Add KC AO in excess. 

4 FUter. 

(ik portion of ppt is ftiied for 
Cr. as above.) 

Add to ppt. HCaHaOr 
Add K^Cfy. 

Bine ppt =(Fes)sCfy. 

<ABy residue after adding 

llCaHaOi consisU of 

pboqihate of Iron.) 



Filtrate from 4. 

Examine for Ba, Sr, and Ca, 
as on page 77. 

♦10 



•. 
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METHOD OF ANALYSIS FOR GROUP IV. 



8' 



IE OF AMMONIUM 



preoipitaies from a flolation in which hydrochloric acid, hydrosulphnrio acid and hydrate of ammo- 
nium have &iled to produce a precipitate, or from the filtrate from the hydrate of ammonium 
precipitate, 

{Manganese^ 
Zinc, 
Cobalt, 
Nickel. 

On filtering the precipitate produced by sulphide of i^mmonium, the filtrate may appear dark 
coloured. This is due to the presence of sulphide of nickel, which is soluble to some extent in 
sulphide of ammonium (Nickel, p. Z5, note j3). In this case the sulphide of nickel may be separated 
from the filtrate by heat, or by evaporating to expel all sulphide of ammonium, and adding hydro* 
chloric acid. The precipitate so formed should be examined with that thrown down by the group 
reagent. 

ANALYSIS OF PBECIPITATE PBODUCED BY SULPHIDE OF AMMONIUM. 



The JUirate, wfaioli may oontain memben of other groups, is set aside 
lor foiiher examinatioo. Some difficulty may be experienced in obtuning 
a clear filtrate; repeated filtration can alone eflbot a latiafaotory result 

The precipitate must be well washed with water, and some sulphide of 
ammoniTmi repeatedly added at the same time. 

Hydrochloric add is employed to diMolve the sulphides of manganese 
and anc, and to separate them from the sulphides of cobalt and nickel. 

Manganese. Manganese may then be predpitated from the hydrochloric add solution 

by means of exceu of hydrate of potassium. 

Test for Manganese by blowpipe, or sulphide of ammonium, in the 
latter case previously dissolving in an add (except acetic aoii). 



To the solution to be ana- 
lysed, add (NH4)iS. 

I Filter. 

(Exunine fUtrnte for next groupk 
X/UuJUtnUtiidaH^cobmnd, 



AddHCL 
I Ezuniiie the ppt ao fomied 
with tbM from I.) 

Wuh pptfirom i thoroughly* 
Add HCl in the cq1£ 

1 FUter. 

Bdl thefitrate to expel 

aUH,S. 
Add KHO in excess. 

Whitish ppt»MnHO. 

Oonflnn bj blowpipe or i^TH^^ 
3 Filter. 



Zinc. 



Test for 2Snc^ in the solution, by hydrosulphuric add in presence of acetic 
add (p. 34). 



Cobalt and The remaining sulphides of cobalt and nickel may be dissolved in nitro- 

rilCkeL hydrochloric add, care bdng taken to employ only just suffident nitric add 
to effect the solution. 

Hie metals may be converted into cyanides, and held in solution, by the 
addition of cyanide of potassium in excess. On boiling the solution with 
a few drops of hydvocblorio acid, cobalticyanide of potassium and cyanide 
of nickd and potassium are produced (see p. 35, note 9). Whilst still boil- 
ing, if a solution of hypochlorite of sodium in exeeti is added, the Potassium 
and Oyanogen are taken up and Nickel is predpitated as black sesquioxide. 
In this state it may be readUy removed from the Cobalt whidi remains in 
solution. 

(Chlorine and menmrio nitrate haye also been employed instead of hypo- 
chlorite of sodium.) 



Filtrate from 3. (Zn.) 

Add HC.H.O.. 
Pass H«S gas. 

White ppt»Zn«S.H.O. 



Besidue from a. (Co, Ni) 
Test a portton with bona far Coi 

AddHCL 

BdL 

Add few drops of HNO« 

Just to dlssdva 

Add KCy in exoesi^ 

and few dbrops of HCL 

B<nl. 

Add NaClO in exoesi, to 

boiling solution. 

Black ppt»(Ni«).0.. 

4 Filter. 



Blltrate from 4. (Co.) 

Evaporate to dryness. 
Heat with borax on platinmn 
wire in the blowpipe flame. 

Blue bead indiMtes Co. 
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METHOD OF ANALYSIS FOR GROUP V. 

OABBONATB OF AMMONIUM, 

in the presence of chloride of ammonium, precipitates from a solution in which hydrochloric acid, 
hjdroBulphurio acid, hydrate of ammonium and sulphide of ammonium haye fisdled to produce a 
predintatc^ or from the filtrate from the sulphide of ammonium precipitate^ 

(Barium, 
Strontium, 
Oaldum. 

Chlobids or Amioinux is added, as in the case of Group nL, to prevent the precipitation of 
Magnesium, as it would not be eompleUly thrown down by carbonate of ammoniuoL 

Htbrati of AuMONiuii is added, preriously to the group-reagent, to ensure against an acid 
solution. 

The precipitation will be fiusilitated by the application of heat 



ANALYSIS OF PRECIPITATE PBODUCED BT CABBOyATE OF AMMONIUM. 



Barium. 



OalciiUB. 



BtronUiiBit 



Th»jU*raUf which m«y contain membm of the rixth gvoop, is set inde 
for further examinatioii. 



The prteipitaUM waahed, diMolved in hydrochloric acid, and 
aeparated as flnomlicata by fluosilicie acid and alcohol. The whole of the 
Bariom may be remoTcd by taking care to evaporate anfficienily with 
alcohol and to allow time for the separation. 



Eerrecyanide of potamnm will precipitate Caldun from the remaimng 
solatioD, on boiling. 



Tert fbr Strontiam, in the loZirfum, by ealphate of caldnm or oxalic acid, 
or in the lohition evaporated to dryneas, by blowpipe. 



If the solution to be ana* 
lysed has been treated with 
^H4)aS, all the latter must 
be boiled off, and the solu- 
tion filtered from any 
ppt. of S. 
Add NBUa. 
Add NH4HO. 
Hen add gronp reagent 
(NH4), CO,. 



I Filter. 

(Bumliie flltnte for B«zt gnmp.) 
Dissolve ihe ppt, in HGl. 
Add HaSitF» and agiUte. 

Evaporate to drynassy 

digestin]gf with alcohol and 

H.O. 

¥niite ppt.=Ba«Si«F». 

9 niter. 



Solution fnm 9. (Ca» Sr.) 

Evaporate with more 

HaSifF, and alcohol^ 

to dryness. 

IVeat the residue with water. 

niter, 

from any ppt of Ba,Si^». 

Add to ioUtitUm K/)fv. 

Boa 

White ppt. »Ca«Cfy. 

3 Fater. 



Filtrate from 3. 

Eyi^>orate to dryness. 

Test on platinum foil before 

olow-pipe. 

Crimson flame indi* 
cates Sr. 

Otnmtliim maj also be Dredpl- 
tated firom the flltnte irom X 
I9 lalphate of caldum or 
oxalic add.) 

10—2 
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METHOD OF ANALYSIS FOR GROUP VL 



NO PRECIPITATE 



is produced in Balations containing the members of this group, bj the reagents which are employed 
to precipitate members of the other groups. 

A solution in which the prerious gproup-reagents have £sdled to produce a precipitate^ or the filtrate 
from the carbonate of ammonium precipitate, may contain 

Magnesium, 

Ammonium, %.i.« • t %* * 

> oombmed with one or more acid ladicala. 

Potassium, 
Sodium, 

Ammonium will have been already detected, if present^ in the preliminary examination. If detected, 
it must be expelled before proceeding to test for other members of the group. 

The behaviour of Ammonium and Potassium with those reagents employed to detect the latter 
are so similar as to render this precaution essentiaL 



ANALYSIS OF A SOLUTION WHICH MAY CONTAIN THE MBTAI4 MAOKESIITH, POTASSIUM, 

SODIUM, AND (AMMONIUM), 



MagneaiiuB. 



Ammonhim, 



Potandum. 



Sodliim. 



The tolation is divided into two portioiii^ A mod K 



A. Magnenam may be detected in tUf portion by phosphate of sodiiim 
in preeenoe of hydrate of ammoniam. Time most be allowed for the eep*- 
ntUmof the Magoeiinm aalt, as the precipitate alwiys fonns with diiBcoltj. 



B. Una portion of the sohitioii is enqpocated to diynea, and the 
rendue ignited, until aQ fonung o oa ee n, to oompletefy espel a mmiwi a, 

The oharaotcriatio reaction with hydrodilorio acid will datMnine thii^ 
and at the same time identiiRr the ncee e noe of 



A. Add NH«HO, 
andNa«HP04. 
Agitate well and allow to 
stand aome time. 

Whiteppt»MgJfH«P04 



The raaidne is treated with a amall qnantifey of water. Potaannn is 
e ott fec te d into chloto-plitinate by the addition of hydro-diloio-pkitinic add 
(bi-ohlocide of pUtinnm) to the aoluUon, together with aome aloohol to 
promote precipitation. 

The remaining aolntion oontaina the Sodhnn salt 

The aolntion may be enqpocated to dijiima, and Sodtnm tested Ibr m 
thereaidne, before the blowpipe. Care mnat be taken to have tfaeiilalnram 



DiTide aolntion into two 
portiona, A and K 



B. Bvaponte to diyneai. 



nniil all faming 
(Tart Inmea with HGl on a 
gbaarod.) 
Add to reaidne HflO, 

I Pntar 

Cifneomaaiy). 

Add to iolirtion 
HQandHPtCla, 
and aomeafeohoL 

TeIlowppt"KPtCk 

s inter. 



FQtrateftoms, 

BTaporate to dryneaa. 
Teat on phitinmn wire 
before blow^Npe. 



wire or foil jMf/fctfy dean, aa eren moisture from the ftngera may faapair i Yellow flame indicates 



the ddioacy of the 



Ma. 



PART IV, 



SYSTEMATIC COURSE OF ANALYSIS 



fOB 



ACID RADICALS. 
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ANALYSIS OF A SALT OR MIXTURE OF SALTS FOR ACID RADICALS. 

The Course of Analysis (as in the case of basic radicab) is dirided into three stages^ or series of 
processes. 

Many of the roles laid down, as affecting the systematic course for basic radicals (pages 60 and 61), 
are no less applicable to and important in the present conrse for acid radicals. 

Certain special featores demand attention, as an introduction to the course detailed in this Part 

L The preliminary examination. (The substance under analysis being in the solid finrm.) p. 83. 

The decompositions effected on submitting a body to a high temperature^ either alone or with certain 
concentrated acids^ chiefly hydrochloric acid, nitric add, or ^phuric add, and the characteristic odour, 
odour or reactions of the substances which result from such decompodtion, are relied upon to detect 
the presence of individual acid radicals. 

More importance is attached to the results of a preliminary examination, as serving to reveal the 
presence or absence of acid radicals, than ia Badgned to suck an examination in the case of bade radicals. 
This arises from the nature of the reactions bf add radicals with reagents in solution. 

The presence or otherwise of certain add radicals will be determined by the cautious observer 
during the preliminary examination for bade radicals. 

m. The pro^eaa^ of qcIntiqaL 

The explanations already offered upon this part of the analytical course apply in this placa When 
it is necessary to resort to the action of an add in jorder to effect solution, it will usually be found 
most advantageous to employ nitric add (as this add forms no insoluble salts). 

m. The application of reaf^is to the aokiticiL 

The first thing which claims attention under this head is the pr^aration of the solution to be 
examined. This preparation becomes necessary, since if certain bade or add radicals are present in 
a substance under analysis^ and are allowed to remain in a solution, the apf^cation of certain reagents 
w6uld lead to results different from those which would be antidpated. Thus, the presence of earboimc 
add might lead to the formation of a predpitate, where this result would not only not lead to the 
detection of the carbonic radical itself but frJaify other results which aiv looked for. In like manner 
the presence of any bade radicals, exotpi /wfomtim, godmm^ or anMnontiun, would fi^nentiy cause 
predpitation in a solution, instead of neutralisation merely, when hydrate of ammonium was employed 
as a reagent. Ammonium, again, must be exduded, in consequence of the solvent action whidi many 
of its oombinationa, especially the chloride^ exerdae npon salts which it may be desirable to obtain 
in an inaoluble form. 

In the examination ibr acid radicals the reagents emjdoyed do not effect stparaUon of the add 
mdicals, to the same extent as was the case with baaie radicalsL The reagents only serve to identify^ 
as a rule^ the presence or absence of individual radicalsL The results of the application of general 
rao^mft may be regarded as afiwding so many hints or dues, detennining merdy the sdection of 
a smes of special and oonfirmatoiy tests. It would be useleos therefore to apply a general reagent 
to the ^Irale horn a predpitate thrown down by another genefal reageait, in a manner similar to 
thai ad<^»ted in analysing for bade radicalsL The three general reageaita^ chloride of barium, nitrate 
of silver, and forric chloride, employed in the present oooiae^ are to be applied to JreJk parHam oj 
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the BolnHonp prepared <u direeied on poffe 83. In soma iTiRtanoeB even the use of a solution prepared 
in sach a manner is proscribed; some speoial tests are applied to the original solfUioTK It is clear 
that great economy in the nse of material is easential, where the solution to be analysed has to be split 
np into BO many separate portion& 

The methods for the analysis of add radicals, given in the following pages, are subject to many 
modifications dependent on the results of previous ezaminationa. These results are chiefly — ^the nature 
of the basic radicals found in the solution — the s(dub£lity of variouB salts (an aqueous solulaon wliich 
contains barium would not be examined for sulphuric add, as sulphate of barium is insoluble; a 
solution in which silver has been detected could not contain hydrochloric add) — ^the reactions of a 
solution with v^etable colours. 

Thus it happens that much forethought^ cau t ion, and judgment are requisite on the part of the 
analyst who wishes to attain success without sacrifice of time and material, when an examiaatidn for 
acid radicals is undertaken. 
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PRELIMINART EXAMINATION. 

(ACID BADICALa) 



Ezp. L 
A portiaii of the powdered sabstanoe Is heated in » 

Olaii tabe open at both ends, 

and held obliquely in the flame. 



ExF. IL 

!• A portian of the powdered aabitanoe ia treated with 3 or 
4 timea ita bulk of 

Dilute Hydrochloric acid, 

avoiding heat. 

iL l!1ie above mixture ia heated 
(only oaationaly if a ohlorate ia pieaent). 



Bxp. nL 

A portloD of the- powdered eabetanoe ia heated, neaify to 
*^*^~7, wikh 3 or 4 timea tta bnlk of 



Oonoentrated Snlphnrlo add. 

OonrzBiuiOBT Tun 

fer aoid-radioala*. 

CyinOML Vi»oan paaaed into aohitioa of KHO; add 

Fa^4 and Fe^; diaaohre any ppt in 



Sntphiiroiui 
Ghloiiiio. 



BCS^—UmfpL 



Snlphiir. 
AotUo 



Snbatanoe heated withH«S04+KCM)b; fbmea 
oondeMed; KH«HO added to oondenaed 
Bqiad yrffeii tJtmr. 

Aoe&e acid and AgKOb added to 
frwntwi gjrf, 

(SohOiidey. Paper mowtened with 
of lead held over ga»— ftloofciyl. 

Snbatanoe heated with H^SO^ + alooliol; 



Mttrie 

ndioaL 

Fhuniiie. 



SnbalaBoe + H^SOt + ciyatal of AySO^— 



8abBtanoe + HaS04-faand; pffodoela 
daeted into 



Cttritt 



flnhatanoe in aohition^aehition of 
Bttbrtanoe In aQfartien^ezeeaa of h: 




Beanlta of thia ezperimenti aa in Ezp. L 
Baaio radicala, page 6a. 



An odorouBy yellow na ia evolved. 

The gas eiqdodea m contact with flame. 
{the reacHom im vL may aim be eb^erved here.) 



Effi 



The eacaping gaa ia imodorouif and pred- 
pitates lime-water. 

Odour of hydrocyanie add. 

Odoor of hydroaulphorio add gaa. 
Odonr of boming anlphnc 



Evolntion of red ftmiea 0n preaenoe of oopper). 



No Uadtemmg 0/ ike 

Efliif foaoence^ with evolution of gaaea 
Gaa bmna with a bine ilamei 



haa odour of boming aolphnr. 



givea white fomea in oontaet with 
hydrate of am. on a glaai rod. 

haaodoor of hydioaalphnrie addgaa. 
haa an aromatio odoor. 
Cblooretl vapoon are evolved. 

Sed-br^wn; pongent odoor ; eoloor 

atardi-'paiatfl^ in mwg. 
Violet; coloar alaidipaate^ ifae. 



evolved. 



gaaea 

Uaa kindlea boming wood. 
Pongent fomea are evolved. 

P^ihiea give film of aiBcie add on 



retglamred. 
icalei^ I 



00 
Mmekemimff^Ae 



i^pear in the aolotion. 



of aaon-volatile 



CUoratft 



Gazbonate. 

Cyanid& FeRicjan« 
ide. 

Sulphide of an a&a^ 
alkaline earth, iron, 
manganeae or one. 

Solphite. Hypoeot 
pfaite (or from de- 
ozidation of sulphn* 
rie add). 

Nitrate. 



Oxalate. Cyanide. 



FeRocyanide. Sol- 



Sulphite. Hypoeol 
phite (or from de» 
oxidation of aalpho^ 
no add). 

Chloride, (except of 
Hg, Ag^ Pb and 
Sn.) 

Solphidf 



Iodide. 
Chlonte. 

Nitrate. 



Odoor of faomt 
caibi 
bfam 



; evol nliun ef 



Otiate; 
Tknnates. Gallatc; 



•nil imoMdad that the 



finmdwd by the raeoHi of Bxp. m. ahoold be fcOowcd op by 



th 
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PREPARATION OF THE SOLXJTION WHICH IS TO BE EXAMINED FOR 

ACID RADICALS. 

Hydrochloric ctcid, 

J£, on ezamining for basic radicals, the original solution was acid or neutral, and Cabbonic Acm 
was detected (by effervescence and reaction with hydrate of calcium), boil the solution to be pre- 
pared (a similar one to that used in the analysis for basic radicals) with hydrochloric add, in order 
to expd all carbonic acid. 

If carbonic acid was not detected, this step may be omitted. 

If the original solution was alkaline^ the addition of hydrochloric add might indicate the probable 
presence of one or more of the following adds^ if present : 

Cabbonio acid, Htdbosulpuxtric acid, Hydroctanic acid, Silidc add, Hyposnlphurous add, 
Hydroferrocyanic add, Beuzoic add. 

If Silver, Lead, or Mercury were present in the original solution, these will be here predpitated 
by hydrochloric add, and must be removed by filtration. 

Hifdroeulphuric acid. 

Through the remaining part of the solution pass hydrosulphuric add ga& The following, if present, 
will be decomposed and their presence rendered more or less evident : 

SuLPHUBOUS acid (in an add solution), Iodic acid (reduced to iodide), page 64. 

The presence of Tin, Antimony, Arsenic, and Chromium, as add radicab, would be revealed by 
the action of hydrosulphuric acid, when testing for basic radicals. 

Remove, by filtration, any bodies predpitated by hydrosulphuric add. 

Sulphide of Ammonittm. 

J£ any members of Groups III. and lY. (Bade radicals) were detected during the examination 
for bade radicals, precipitate them by sulphide of ammonium and remove. 

Carbonate of Sodiwm. 

After boiling well, to expel all hydrosulphuric add, add to the solution carbonate of sodium in 
some quantity. All bade radicals, except Fotaseium, Sodium, and Ammonium, will thus be predpitated 
and must be removed. 

Hydrate 0/ Fotcueium. 

If Ammonium has been detected in the previous analysiB, boil the filtrate from the carbonate of 
sodium precipitate, with hydrate of potasdum, until no ammonia is evolved. 

Test the eohUum, thus prepared, with test-paper. 

Bender it msiUral by hydrate of ammonium or by nitric acid, a« may be required, taking care 
to exercise extreme delicacy in bringing it into this condition. 

The prepared solution may now be examined for add radicals, according to the plan detailed in 
the following pages. 
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BEHAVIOUR OF ACID RADICAI5 AND 



Gronp L Sect. I. 

Sulphuric acid 
HydrofluoBilicic add 
Sect. U. 

Carbonic acid . 
Silicic „ 
[Hydrosolphuric „ ] 

Sect. ni. 

Phosphoric acid 
Boracio „ 

Oxalic ,y 

Hydrofluoric „ 

Sect IV. 

Chromic acid . 
Sulphurous acid . 
HyposulphurouB acid 
Iodic „ 

[ArBeniouB and arsenic acids] 



I. 
3- 



. 5. 

. 6. 

. 7. 

. 8. 

. 9. 

. lO. 

. IT, 

• 13. 



Group n. Sect. I. 

Hy droohlorie add • 
Hydrobromio ,, • 
Hydrocyanic „ . 
Hydroferricyanic add 

Sect. II. 
Hydriodic add 
HydroBulphurio add 
Hydroferrocyanic add 
HydroBulphooyanic „ 



Group III. 



Nitric add. 
Chloric 



i> 



OsGAiao Aoiss. 



Group I. Tartaric add 
Citric 



f* 



Group II. 



Suodnic add 
Benaoic 
Tannic 
Gallic 



9> 
99 



Group III. Acetic add . 
Urio 



>f 



Chloride of Barium 

in a neutral solution. 



I. Sulphate, white . ) . ,, ^^ 
1. Pluosilicate, white.} "^^"*^^- 

3. Carbonate, white . jsol. in HCL with 

4. Silicate J white. \ decomposition. 



5- Phosphate, white . [sol. in Ha. 
6. BoratOi white . I without 

7* OzalatOj white . I decompod- 
8. Fluoride, white . { tlon. 



Nitrate of Silver 

in an addified solution. 



4« Whiter from a neutral solution. 



5. Yellow, from a neutral solution. 

6. White, 

7. White, 



»» 



99 



99 



n 



9. Chromate, pale-yellow . fadd solution 9. Crimson, fr-om a neutral solution. 

10. Sulphite, white . ) decomposed 

11. Hyposulphite, white . |by hydrosul- 
13. Icdate, white . [ phuric acid. 

13. (See Tables for Bade radicals.) 




I. Chloride J a. white r ^^^ ^ 

3. Bromidej a, white-yeDow I hydrate 

3. Cyanidei a. white | of am- 

4. Ferrioyflinidej a* orange [moniam. 

5. Iodide, a. pale-yellow > 5,^,^ -^ 

6. Sulphide, a. bladK ( hydrate 

7. Ferrocyaiiide,a.white> of am- 

8. SulphOCyanide, o^ „ jmoniiim. 



I. 
a. 



Not predpitated. 



T. 

3- 

4* 



I. Tartrate, white. 
«• Citrate, white. 



I. 
7. 



3. Tannatei white. 

4. Gallate, white (only partially). 



I. White, from a neutnl solutioiL 
a. White, 



a. Urate. 



a Also iwedpitated by nitaate of sQtw ftom 
ntntral solntton. 
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THEIR SALTS WITH GENERAL REAGENTS. 



Chloride of Calcium. 



aoe- 



5. Phosphate, a. white JBol. in ao 

6. Borate, a. white i tic add. 
7* Ozalate, a. white ( in8ol. in 
a Fluoride, 0. white iaoeticacid 



Ferric Chloride 

in a neutnl aolutlon. 



5. White. 



Not precipitated. 



I. Tartrate, white, sol in kho. 

«. Citrate, A white. InsoL in KHO. 



fi Only precfpitAted on boiUng. 



4. Coloration, green. 



7. Blue. 

8. Coloration, deep-red* 



Not precipitated. 



1. Succinate, red-brown. 

9. Bensoate, ba£ 

3* Oallate, blnigh-blaok. 
4. Tannate, blnieh-black. 



I. Coloration, deep red. 



Detected abng with Baaio radicals. 



Set free with efferreeoence 
by Hydrochlork add. 



3. Ppt. with CaHO. 



3. Odonr. 



6. ( Blackens paper 
< moistened with 
( acetate of lead. 



Deoompoeed by 

ffydronUphuric add 

in an acid eolation. 



9. I Qreen eolation with 
I separation of salphor . 

10. Separation of salphor. 

19. Beduction to Iodide^ 
13. (See Basic radicals) a. 



« These addB are conTerted 
by HaS into their ootreBpond- 
biff sulphur addi^ and are 
detected and aeparated inthe 
procen for basic radicala 



11—2 
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METHOD OF ANALYSIS FOR GROUP L 

(INORGANIC AND ORGANIC ACIDS.) 



f 



Boracic acid, 
Tartaric acid, 
Citric acid 



CHLiORIDE OF BARIUM 

precipitates from a neutral solution, 

Sulphuric acid, Phosphoric acid, 

Hydrofluosilicic acid, Oxalic acid, 

(Silicic acid). Hydrofluoric acid, 

* The other members of this Group (page 42) will, if present^ have been detected during the course 
of analysis for basic radicals, or during the preparation of the solution before examining for acid 
radicals. 

Silicic acid will be precipitated, if not previously detected and removed. 

Care must be exercised to have the solution perfectly neutral before adding chloride of barium. 
If the solution was originally alkaline, it is most efiectually rendered neutral by evaporating tmtil the 
solution shews no alkaline reaction with litmus-paper. If acid, hydrate of ammonium is employed to 
neutralize. 

Borate of Barium, Tartrate of Barium, and Citrate of Barium are soluble in salts of ammo- 
nium. If the solution, previously acid, has been neutralized by hydrate of ammonium, the non-formation 
of a precipitate with chloride of barium will not indicate positively the absence of Boracic acid. 
Tartaric acid, or Citric acid, in consequence of the possible formation of chloride of ammonium. 

If chloride of barium produces a precipitate, the presence of Sulphuric acid, Hydrofluosiijcic 
acid, or Phosphoric acid, can only be inferred with any certainty. 

If chloride of barium fails to produce a precipitate, the ctbsence of Sulphuric acid, Htdro- 
FLUOSiLicic acid^ Phosphoric ACID, OxAUC ACID, or Htdrofluoric acid, can only be certainly 
inferred. 



Sulphuric 
aold. 



Hydrofluo* 
■Ulclc aold. 



ANALYSIS OF PRECIPITATE PRODUCED BY CHLORIDE 
OF BARIUM IN A NEUTRAL SOLUTION. 

The precipitate is collected, waahed, treated with hydrochloric acid in 
■light excesB, and boiled gently. 

Sulphate of barium and Fluosilica^e of barium are insoluble iii hy^ro- 
bhloric acid ; the barium oaltB of the other add radicals are soluble io this 
aoid. 

The insoluble residue may be rendered soluble in wtAer by fusion with 
oarbonate of sodium and nitrate of potaiwinm. Acetic acid is added to the 
aqueous solution, and then chloride of calcium. 

Sulphate of calcium is insoluble, but Fluoeilicate of calcium is soluble, 
in acetic acid. This insolubility Indicates the presence of the Sulphuric 

The presence or abeence of the Flnosilicic radical in the acetic add solu- 
tion may be determined by the "etching test" (page 44, III.). 



The solutum tB netUroL 
AddBaOL 

I Filter. 

Wash ppt. 
AddHCltojO|K. 
Boil gently. 
2 fUter. 

(Wxamine filtrate as on next psgej 



Reddue from 1. 

Fuse with NatCQs+KNOb. 

Digest with 1^. 

Add HCHsOt. 

AddCaCl. 

3 Fflter. 

Insolable reddue 

indicates 
presence of 

Sulphuric acid. 



Filtrate from 3. 
Heat with conc^. HaSO«. 

Dense ftunes 

which eick giau 
indicate the preMnoe of 

HydroflaosUicic acid. 
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METHOD OF ANALYSIS FOB GROUP I. (oostinttbd). 



Phoiphoric 
add. 



Hie filtered hydrochloric Add aolatioii !■ treated with hydrate of ammo- 
nittm. 

Phosphate, Oxalate^ and Fluoride of harimn may he re-predpitated. 
Borate, Oxalate, Fluoride, Tartrate and Citrate of harium, and poadbly 
Silicate of harium, may be contained in the solution, 

(If no re-predpitation occurs, the absence of Phosphoric add can alone 
be affirmed with any certainty.) 

The preeipUate is re-dissolyed in hydroddoric add, boiled with carbonate 
of sodium, to convert into sodium salts (if necessary filtering from any pre- 
dpitate of carbonate of barium), and re-predpitated as caldum salts by 
adding chloride of caldum. 

Phosphate of calcium is soluble in acetic add. After adding acetic 
add the solution may be tested for the Phosphoric radical by ferric chloride 
or molybdate of ammonium (page 46). 

Oxalate or Fluoride of caldum may be thrown down along with the 
Phosphate. They are insoluble in acetic acid. 

One portion of the insoluble rendue may be tested for Fluorine by oon> 
oentrated sulphuric add (page 47). 

Another portion, for the Oxalic radical, by concentrated sulphuric add 
and binoxide of manganese (page 47). 

The JUtr<Ue from the hydrate of ammonium predpitate^ or the solution 
in which that reagent has failed to produce a predpitate, may contain 
Boradc add, Oxalic add, Hydrofluoric add, Tartaric add, Citric add, or 
Silido add. 

The solution is divided into two portions. 

(Silicic aoid.) A. This portion is evaporated to dryness, treated with hydrochloric 

add and water, and again evaporated, in order to convert any Silidc add 
into insoluble silidc anhydride. 

The solution which remains after this operation is divided into three 
portions. 



FUtr<Uefiromi, 
preceding pofftm 
Add NH4HO. 
Filter. 



Oxalic acid. 



Hydrc- 
flncnc acid. 



Bcracic 
acid. 

Hvdrc- 
fluonc acid. 

Oxalic acid. 



Citric acid. 



Tartaric 
acid. 



a. Test for the Boradc radical with turmeric paper (page 46, liote a). 

b. Test for Fluorine, by means of concentrated sulphuric acid and 
sand, or by the " etching test** (page 47). 

c. Test for Oxalic add, with concentrated sulphuric add, and binoxide 
of manganese (page 47). 

B. This portion of the solution is treated with a small quantity of 
hydrate of potassium, in order to decompose any chloride of ammonium 
which may have been formed (page 55, notes a). Chloride of caldum is 
then added, and the whole boiled. After allowing to cool, more hydrate of 
potasnum is added. A predpitate indicates the presence of the Citric radi- 
cal, since citrate of caldum is insoluble, whilst Tartrate of calcium is 
soluble in hydrate of potassium. 

Test the filtered solution for the Tartaric radical, with a crystal of nitrate 
of silver (page 55, note a). 



Besidue from i. 

Dissolve in HCl. 

BoU with Na,COs. 

(Filter from nnj ppt) 

Add Caa. 

Add HCaHaO,- 

2 Rlter. 

Add FetC\ to filtraU. 

White-yellow ppt 
=(Fe,),P04P 

or test with Molyh. Am, 

Besidue from 1, 
Divide into two portions. 

A. Heat with conc<^. HtS04. 

Dense fames =HF. 

Fumes etch glasi. 

B. Heat with cone'. 
H8S04 + Mn«0a. 

Effervescence 

indicates presence of 

Oxalic acid. 



Filtrate from r, or 
solution after adding 
NH4HO. 
Divide into two portions. 
A. Evaporate to dryness. 
Add HCl and H«0. 
Evaporate again. 
3 Filter. 

Residue ^SicOs- 

Divide solution from 3, 
into three portions. 

a. Test with turmeric paper. 

Red coloration 

indicates presence of 

Boracic acid. 

6. Heat with conc«>. HjSO^ 
+ 8and. (p. 47, VI. ii.) 

Deposit of Silica 

indicates presence of 

Hydrofl uoric acid . 

c. Heat with cone'. H,S04 
+ Mn,0,. 

Effervescence 

indicates presence of 

Oxalic acid. 



B. Add a little KHO. 

Add CaQ. 

Boil. 

When cod, add KHO. 

White ppt.=C8.C«H507. 

Citric acid. 

4 Filter. 

Add NH4HO tojatrtOe. 

Add orysUl of AgNOa. 

Heat gently. 

^ Metallic silver 

indicates presence of 

Tartaric acid. 
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METHOD OF ANALYSIS FOR GROUP U. 

NITRATE OF SILVER 

precipitates from an acid solution (acidified with nitric acid), 

Hydrochloric acid, Hydriodic acid, 

Hydrobromic add, Hydroferrocyanic acid, 

Hydroferricyanic acid, Hydrosulphocyanic acid. 

Hydrocyanic acid. 

Nitrate of silver also precipitates many other acid radicals, if the solution is not decidedly acid. 

If the addition of nitric acid before nitrate of silver produces any precipitate, this will be due 
to the presence of certain acid radicals of the first Group. The precipitate may be filtered off and 
neglected. 



ANALYSIS OF PRECIPITATE PRODUCED BY NITRATE OP SILVER IN AN ACID SOLUTION. 



Hydriodic 
acid. 



The precipiUUe is treated with dilute nitric add, to enaare the removal 
of all adds except those belonging to this group. After filtering, the preci- 
pitate is treated with hydrate of ammonium and heated. This operation 
serves to separate the group into two sections. 

The residue may contain Hydriodic acid, Hydroferrocyanic add, or Hy- 
drosulphocyanic add. 

The solution may contain Hydrochloric add, Hydrobromic acid, and pos- 
sibly Hydrocyanic add. 

A portion of the residue is heated with concentrated nitric add. Hy- 
driodic acid win manifest its presence by the violet vapours of iodine which 
accompany the decomposition. 



(Iodic acid.) [^^ Hydriodic acid is detected, it will be necessaiy to test a portion of 

the original solution with a view to determine whether iodine existed in the 
form of iodide or iodate. They are distinguished by the difference in the 
reactions with concentrated sulphuric add, since an iodaie does not evolve 
free iodine when heated with this add (pages 49 and 50).] 



Hydrosul- 
phocyanic 



Hydrosulphocyanic add yields a yellow precipiiate when heated with 
concentrated nitric add. 



Hydrof^rrO" l^e remaining portion of the residue is boiled witb hydrate or carbonate 
cyanic acid, of potassium or sodium, to convert any ferrocyanogen into soluble ferro- 

cyanide of potasnum or sodium. The radical may then be sought for 
according to the plan given in note 7, page 53, or with ferrio chloride (in 
the latter case previously adding some hydrochloric add). 



The solution is rendered 

acid, 

by adding HNO3. 

(Enter any lypt and negleet U.) 

Add AgNOs. 

I Filter. 



Residue from i. 

Add dilute HNO^ 

a Filter. 

Add NH4HO tojppL 

3 Filter. 

(Kramlne JQtrate as on next paga 



Divide residue into two 
portions. 

A. Heat with oonc^.HNOs. 

Violet vapours =L 

(Bzamine original wlnUon for 
Hydriodic and Iodic add.) 

Tellow ppt 

indicates presence of 

Hydrosulphocyanic 
acid. 

B. AddKHOorNaHO 

or 

K,GOs or NaiOOb. 

BoiL 

Add to solution HCL 

Add FeaCl,. 

Blue ppt =(Pc«),(Ciy), 

or 

test as in note y, page 53 

for 

Hydroferrocyanic add. 
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METHOD OF ANALYSIS FOE GROUP II. (oowtikued). 



The ioluHon (after adding hydrate of ammonium to the nitrate of diver 
precipitate) may contain Hydrochloric acid, Hydrobromio acid, and posaibly 
Hydrocyanic add. 

(Hydrocyanic acid wUl probably have been converted into a sulphocy- 
anide, and ferricyanogen into ferrocyanogen by the action of hydroenlphnric 
acid, in preparing the aolution.) 

Tlie eolation is treated with excess of nitric acid to re-precipitate as sil- 
ver salts. 

The precipitate (after washing by decantation) Ib ignited in a cmcible, in 
order to decompose the Cyanogen compoonds of silver, the silver being 
thereby reduced to the metallic state. The odour during this operation will 
probably lead to the detection of Cyanogen, if it is present. 

The fused mass is treated with boiling dilute nitric add. 

« 

The solution will contain nitrate of silver, and if now hydrochloric add 
is added, a predpitate will indicate the previous presence of Hydrocyanic 
add or Hydroferricyanic add. 

Any reddue, after f udon, may contain the radicals Chlorine or Bromine. 

This reddue is fused again with carbonate of potanium and sodium, 
and disaolyed in water. 

HydfobrO" ^^ portion is treated for Bromine by means of sulphuric add and 

miC acid. starch-pMte (p. 50, IV. i.). 



Hydrochlo- 
ric acid. 



If Bromine ii pit$eniy another portion is tested for Chlorine, with sul- 
phuric add and duomate of potaadum (p. 50, IV. ii.). If this latter course 
becomes necessary, it will howeyer be advisably to operate with a portion of 
the original solution. 

If Bromine ii abaent, the residue can only contain Chlorine, and further 
examination becomes unnecessary. 



HydrcCV- ^ spedal examination of a portion of the original iolulion must be 

amc acid. undertaken, if the presence of Hydrocyanic add on Hydroferricyanic add is 

suspected. The former may be detected by the reactions with sulphide of 
HydrOf^rri- ammonium (p. 51); the latter by the negative results when testing for 
CjfiuiiC acid. Hydrocyanic add with sulphide of ammonium, and the reactions on subse- 

quentiy adding ferrous sulphate; 



Filtrate from 3, 

preceding page. 

Add excess of HNOa. 

I Filter. 

Wash ppt. by decantation. 

Ignite the ppt. 

(Observe if any odour.) 

Add to fused mass HNOs. 

a FUter. 

Add HCl toJUtrate, 

White ppt. = Aga 

indicating presence of 

Cyanide or Ferricyanide 

of silver in previous ppt. 



Residue from 7, 

Fuse with NasC08+ KtCOs- 

Dissolve in HgO. 
Divide into two_portions. 

A. Add conc^. M^Ot and 
some starch-paste. 

Heat. 

Starch-paste coloured 
yellow 

indicates presence of 

Bromine. 

B. If Bromine ie preeent. 
Evaporate (or portion of the 
original solution) to diyness. 

Heat with cono<l. HtS04 

+ KCrO^ 

Condense vapours. 

Add NH4HO to Uquid. 

Tellow colour 

indicates presence of 

Chlorine. 

Acetic add gives a 

erimion ppt, with this 

yellow solution. 



Examine specially for 
Hydrocyanic add and 
Hydroferricyanic add 

in original solution. 

Test as in page 51, III. 

for Hydrocyanic add. 

Test as in p. 50, II. 

for Hydroferricyanic add. 
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METHOD OF ANALYSIS FOR GROUP III. 

Nitric acid, 

and 
CUoric acid, 
are not precipiUUed by the reagents employed to precipitate the former groups. 

suuPHiNDiaonc acid 

produces a yellow colour in a solution which contains one or both of these acids. 

Nitric acid. if thU coloration with « solution of indigo has taken place, the preeenoe of Nitric acid is revealed by the 

characteristic reactions with ferrous sulphate in presence of sulphuric acid (p. 54, 1.). 

Chloric Chloric add is identified by the decomposition effected by sulphurous acid, and the subsequent reaction 

acid. with nitrate of silver (p. 54, IV.). 



METHOD OF ANALYSIS FOR GROUP II. 

(ORGANIC ACIDS.) 

FEBBIO CHLORIDE 

precipitates from a netUral solution, 

Snccini^ i^eid i»aA \\ ( ^^^^^^^^^^ ^^ ^^ dissoWes in hydrochloric acid, with separation of crystalline 

Benzoic add. 



{ 



BenSOiC acid, buff. | Digtinguished also by reactions with chloride of barium and alcohol (p. 56). 

OaUic acid, ),,.,,,, f 

TsLn in n^ld I ^i^^^i^'l^i^^* \ Distinguished by reactions with ferric chloridCi or solution of gelatine (p. 57). 

produces coloration in a solution in presence of 

Acetic ii^id ^ f ^^^^^ disappears, if Acetic acid ooly is present^ on adding mer- 

•TT ■, , , . • J f deep red colour. < curie chloride, or on boiling. 

Mydroeulphocyanic acid, J I Test slso for Acetic add with sulphuric acid and alcohol (p. 58). 

Hydroferricyanic acid. green tint. 

[Phosphoric acid (white) and Hydroferrocyanic acid (blue) may abo be predpitated from a neutral solution by ferric 
chloride]. 

ACIDS WHICH ARE DBTECTKD DURING THE ANALYSIS FOR BASIC RADICALS, OR DURING 
THE PREPARATION OF THE SOLUTION TO BE EXAMINED FOR ACID RADICALS. 

Carbonic Acid, j are detected by the effervescence, on adding the group-reagent, hydrochloric add. The 

HydrOSUlphuriC Acid, > characteristic reactions by which they are identified, are given on p. 85. Thay are 
Hydrocyanic Acid. J invariably detected when examining for basic radicals (p. 64). 

Iare decomposed, with separation of sulphur, by hydrosulphuric add, if hydrochloric add 
is present. Hydrochloric acid causes a deposit of sulphur in the case of Hypo- 
sulphurous add, but not in the case of Sulphurous acid. The latter is detected in 
the preliminary examination (p. 8a). « 



APPENDIX. 



•<. 
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ANALYSIS OF SUBSTANCES, USTSOLXIBLE IN WATER AND IN ACIDS. 

(FBESBNIUa) 

All, otherwise insoluble bodies which come tinder the student's notice, in an elementary course, 
will, after fusion with alkaline carbonate (page 21, par. 8), yield to the solvent action of water, 
hydrochloric acid, or nitric acid. 

The following method, adapted fix)m Fresenius, indicates the mode of dealing with such bodies 
in the course of actual analysia 

The substances to which this method is applicable are the following: 

Babiui^ Stbontium, Lead, as Sulphates. 

SiLYEBy as Chloride^ Iodide, Bromide, and Cyanide. 

Lead, as Chloride. 

Calcium, as Fluoride (and certain other Fluorides). 

Silicates. 

Aluminiuii; chiefly as Sesquioxide. 

Chboioum, as Sesquioxide. 

Certain Salts of Tor, Antimoky, and AasENia 

(Sulphur and Ctobonaceous matter.) 



TREATMENT OP INSOLUBLE SUBSTANCES, AFTER MAKING A PRELIMINARY 
EXAMINATION OF THE SUBSTANCE UNDER ANALYSIS. 

Heat for some time with acetate of ammonium (conc^). 



SoluHon, 

Divide into three parts. 

« •• ••• 

1. u. lU. 

Teat for Test for Test for 

CI. HtSO^. Pb. 



Besidue. 
Digest with KCy and water. 



Itmdu€. 
Expel SulphUFi if present, 
by fusion. 
Fuse residue totih 
I paH KNOi 
a porta KfCO^ 
a parts Na^COj^] 
Treat with HaO. 

Boil. 

FQter. 



ScH/vBtion, 
Add(NH*),a 
Ppt.=Aga8. 
Dissolve in HNO.. 
DUute with H«0. 
Add HCl. 
White ppt=AgCl. 
(See next page, whether silver 
is combined with CI, I, Br or Cy.) 



Btsidut 
Wash thoroughly, 
(add first washings to filtrate) 
until no ppt. is formed by BaCl 
in the washings. 
Dissolve in HCl. 
(Effervescence indicates alkaline earths.) 
Test for 

Basic Radicals, 

as in Group II. p. 7a 



(Contains acidS, and such basic radicals 
as are soluble in alkalis.) 
TeUow eoUmr in the filtrate indicates the 

presence of ChromiC acid. 
Test for it by means of acetic add and 
acetate of lead. 

Divide remaining portion into 4 parts. 



1. 
Test for 


IL 

Test for 


H^O, 


Fluorine 




witii H.S04 




(etching test.) 



m. 



IV. 



Test for Arsenic 

with HflS, and for 



with Molyb. Am. 



Acidify with HCL 

Evaporate to dryness. 

Add Ha and HgO. 

Evaporate again. 



Besiiue, 

SitO,. 

Treat a portion as 
on next page. 



Test for basic 

radicals 

which are 

soluble in alkalis 

(chiefly Sn, Sb, As.) 
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ANALYSIS OF INSOLUBLE SUBSTANCES (continued.) 



ANALYSIS OF ALKALINE SILICATES. 

The insoluble sabetance which may contain an alkali in combination with the silicic radical, is 
decomposed by fusion with four parts of hydrate of barium, for a considerable time at a high 
temperature. 

The fused mass is then treated as follows : 

Treat with hydrochlorio add and water, to diaaolve. 
Treat the solution with hydrate and carbonate of ainmommn, to precipitate the Barium. 

Fater. 
Evaporate filtrate to diynesB. 

Ignite. 
Dtesolve the residue in water. 
Precipitate again with hydrate and carbonate of ammonium. 

Filter. 
Evaporate to drynen. 
Ignite to expel ammonia. 
Test the residue for PotaMiUm and Sodium in the usual manner. 



TO ASCERTAIN WHETHER THE INSOLUBLE SALT OF SILVER IS A CHLORIDE, IODIDE, 

BROMIDE, OR CYANIDE. 

Treat a portion of the original iuhatomee with water to remove soluble matter. 
And then with nitric acid for the same purpose. 

Wash the residue with water. 
Boil with rather dilute solution of hydrate of sodium. 

FUter. (i) 
Acidify the filtrate with nitric add, and test for 

Ferrocyanogen and Ferricyanogen. 

(This may be effected by means of ferric chloride.) 

Pigest the residue from (i) with granulated zinc and water. 

Add some dilute sulphuric acid. 
(The object of this is to reduce the silver to the metallic state.) 

Filter, in ten minutes. 
Add carbonate of sodium to filtrate, to precipitate zinc. 

Test filtrate specially for 

Ohlorine, Bromlnei Iodine, and Cyanogen. 
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ANALYSIS OF ALLOYS. 



The prinoiple of analysiB depends on ihe &ct that nitric acid conyerts certain metals into nitrates, 
in which condition they are soluble, whilst nitric add either fedls to attack other metals, or merely 
oxidising them fidls to reduce them to a soluble fonn. 

The alloy must be reduced to as complete a state of subdivision as is possible. 

Boil gently with tolflraUy oonoentniked nitrio sdd. 
Add a oonnderaUe qnantiijr of water. 
Boal to remoTe exoes of aoid. 
EQter. 



Retidue 
may oontaiB 
Gold Aktimoht 

Pl^tihttx. Txv. 
(Small tnoee of Antmony mtkj be completely 
diaMlf ed br nitrio add. 
Smill quantitiei of PUUimum alloyed with 
SUver may also disMlTe in nitiio add.) 
Iftbeieddneia 
w&tte. mrfaffif or a hlads Moif. 

it piobaUy oontainii it probaUy oontainiy 

Td, or GohD, or 

ASTDfOHT. PliAIDnJlI. 

Thb reddne la well washed. 

Boil with nitro-hydrodilorio aoid, 

(three parts hydrodiknic to one pait of mtrio aoU). 



SoUaiom. 
Analyse this, in the naiial 
manner, for 
the 



Mhbodet. 



Ibov. 



Znra. 

KlOSlLti 



will be a white iMofaibk 

powder. 

OonsJBts of OHLoaiPi Qg Snvim 

or posdhjy Obu>bim ot Ijubi 

Tkeal M a sobstanoe 

iaaolabfe in watw and adds, 

p.9«. 



Sohttim. 

Divide the sobitioa mto two parts. 

u n. 

Ibstlbr Ibstlor 

Qou) and PLAXDraM, Avtanunr and Tor, 

as on p. 7a as on p. 7«« 
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